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PREFACE. 



The results of the obeervations made at the Blue Hill Meteorological Observ- 
atory, under the direction of Mr. Rotch, have been printed in the Annals of this 
Observatory, together with the principal meteorological investigations made there. 
Mr. Botch has pubUshed, at his own expense, a series of bulletins containing the 
results of special studies and investigations made at Blue Hill, also under his 
direction. It is considered that these latter publications have a permanent scien- 
tific value, and arrar^ements have therefore been made by which they will, in 
future, be pubUshed in the Annals. In general, the observations and special Inves- 
t^tions will appear, in order of preparation, as consecutive parts of a volume. 

EDWARD C. PICKERING, 
Director of Harvard College Observatory. 

CaubridOE, U. S., Janttarv 31, 1901. 
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THE ECLIPSE CYCLONE AND THE DIURNAL CYCLONES. 



BY H. HELM CLAYTON. 



jAimART, 1901. 



THE ECLIPSE CYCLONE; RESULTS OF METEOROLOGICAL OBSERVATIONS 
DURING THE SOLAR ECLIPSE OF MAY 28, 1900. 



The data at the Blue HiU Observatory, available for the study of the meteoro- 
logical effects of the eclipse of May 28, 1900, though limited in amount, are excellent 
in quality, so far as the instrumental outfit of the observers would permit. The 
observations in the path of the total eclipse were all made by experts and trained 
observers, who went there primarily to see the eclipse phenomena, and, as a contribu- 
tion to the science of the subject, took meteorol(^cal observations, with instruments 
provided by themselves. The meteorological records outside the path of the eclipse 
were chiefly obtained from well-equipped meteorological observatories, and are mainly 
from automatic instruments. The observations are given in Tables I. to IX. 

The temperatures and humidities at Washington, Oa., were taken from an 
Assmann aspiration psychrometer. The temperatures and humidities at Wadesboro, 
N. C, were taken from a eling-psychrometer whirled in the shadow of the observer. 
The temperatures at Centerville, Va., were from a thermometer exposed in the shadow 
of a large camera. At Virginia Beach, Va., they were taken from a whirled thermom- 
eter. The temperatures at the meteorological observatories were from thermometers or 
thermographs exposed in standard shelters. The winds given for the various observa- 
tories and for Washington, Qa,., were taken from self-recording instruments. At the 
other stations, the wind-directions were observed by means of light wind-vanes 
elevated a short distance above the ground. 

The observations are plotted in Plate I. The broken double lines, in the centre of 
the chMl;, show the times of totality. The outer vertical lines show, approximately, 
the b^iuning and the ending of the eclipse. The times of the b^inning and the end- 
ing of the echpse and of totality at each station are given in the tables in the time of 
the 75th meridian west from Greenwich. These times were mostly derived from the 
charte in the American Ephemeris, and are sufBciently accurate for meteorological pur- 
poses. In Plate I. the line marked Pressure was plotted from the obsra^atious made 
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6 BLUE HILL MBTBOBOLOGICAL OBaERVATIONS. 

by Mr. Fergusson with a large aneroid at Washington, Ga. The barometer was rising, 
and the dotted line in this figure is drawn to represent a uniform rise of pressure from 
the beginning to the end of the eclipse. The lines marked Temperature are plotted 
from observations at the four stations already mentioned in the path of total eclipse. 
They all show a marked fall, reaching a minimum of temperature about ten minutes 
after the eclipse. The lines marked Wind-Direction are plotted from observations at 
three stations during the eclipse. In each case a maximum deflection to the right pre- 
cedes totality, and a maximum deflection to the left follows totality. The lines marked 
Wind- Velocity are plotted from observations at three stations. They show in each case 
a maximum velocity preceding totality, a minimum immediately foUowii^ totality, and 
a second maximum toward the end of the ecUpse. The lines for Washington and 
Wadesboro are very similar. The wind at these stations was from W. S. W. during 
the morning of the ecUpse, and the eclipse-shadow, or umbra, moved from the same 
direction. Hence, if the variations of velocity are related to the eclipse, it would mean 
that the wind blew outward from the umbra, increasing the velocity of the prevailing 
W. S. W. wind in advance of the shadow, and decreasing it intherear. The maximum 
of velocity near the end of the eclipse would indicate an inrush of the outer air toward 
the edge of the penumbra or area of partial ecUpse. The lines marked Vapor-Tension 
are plotted from observations at two stations. They each show a maximum of vapor- 
tension immediately following the total eclipse. The explanation probably is that vapor 
was rising from the soil. Preceding and following the eclipse this was carried off by 
ascending currents, but during the eclipse, when these ceased, there was an accumula- 
tion of vapor near the ground. The change of relative hmnidity is very similar to that 
of vapor-tension. 

The lines representing the same phenomenon at different stations are similar to 
each other and show the usual changes observed durii^ ecHpses. In order to study 
quantitatively the influence of the ecUpse on the atmosphere, it is necessary to separate, 
as well as one can, the effects of the ecUpse from those due to other causes. There are 
at least three well-known phenomena, which may influence conditions in an ecUpse. 
These are (1), the diurnal changes in the atmosphere ; (2), the changes of condition 
attending the passage of cyclones and anticyclones ; and (3), the brief, irregular 
fluctuations of a few minutes' or a few hours' duration, which are normal conditions 
in the atmosphere. The influence of (X) can be approximately eliminated from the 
observations by obtaining averages of any given element on days similar to that of 
the day of the ecUpse, and subtracting them from the observations at the same hours 
on the day of the ecUpse. Since (2) the changes of pressure, temperature, etc., attend- 
ing cyclones and anticyclones are of long duration as compared with the duration of the 
eclipse, any change which may occur durit^ the time of the eclipse may reasonably 
be assumed to be a uniform rise or faU ; and corrections for it may be made by 
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THE BCUPSB CYCLONE AND THE DIURNAL CYCLONES. 7 

interpolating a uniform change from the beginning to the end of the eclipse, and 
subtracting this from the observations. When the normal tirae of a diurnal maximum 
or minimum of any meteorological element is not included in the time covered by an 
eclipse, the diurnal change during the eclipse may be sufBciently well eliminated in 
this same way. The interpolated changes for Washington, Ga., are represented by 
the dotted lines in Plate I. To correct for (3), it is best to smooth the results by 
avert^;ing successive observations. 

At the stations in the path of the eclipse of May ^8, 1900, no data were accessible 
for determining the normal diurnal periods ; but as the ecUpse occurred at atime of 
day that did not include the maximum or the minimum of any meteorological 
elements, the diurnal and the cyclonic changes were eUminated with sufficient 
accuracy from the changes due to the eclipse by interpolating a uniform chaise dming 
the eclipse, as represented by the dotted lines in Plate I., and by subtracting this from 
the observations. At least in this way any changes which may be due to the ecUpse 
become large in proportion to other residuals. It was thought best to treat the 
observations at all the stations in the same manner ; and the residuals obtained in 
the way described are given in Tables I. to IX., in the columns immediately following 
the observations. 

In the case of the winds, the observations plotted in Plate I. do not seem to show 
any marked changes between the beginning and the end of the eclipse due to diurnal 
or cyclonic changesj and it is deemed b^t to take the mean wind-direction and mean 
velocity during the eclipse as representing the prevailing wind at the time of the 
eclipse, and subtract these from the observations, in order to obtain the departures due 
to the eclipse. The residuals thus obtained are given in Tables I. to VIII., and do not 
differ greatly from those obtained by the interpolation method except near the begin- 
ning and the end of the eclipse. Here it is probable that the echpse-wind is not zero, 
as it is necessary to assume in obtaining the residuals by the interpolation method. 
At Havana the diurnal variation of the wind is large; and, instead of the departures 
from the mean on the day of the eclipse, the departures from the normal mean for 
May, at each given time of day, are obtained. The normals were derived from the 
published reports of Belen College Observatory, In the columns in Tables I. to IX. 
headed Wind-Direction, the plus sign indicates a deflection to the right, and a minus 
sign a deflection to the left. 

In order to obtain the velocity and direction of the 
eclipse-wind, the observations were treated in the follow- 
ii^ manner: — X^..''^ A 

In the accompanying diagram, let AB represent, 
in direction and velocity, the wind prevaiUng independent of the eclipse, and 
AC the wind observed at any moment during the eclipse ; then, completing the 
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BLUE HILL HBTEOBOLOGICAL OBSERVATIONS. 



parallelogram of forces, AD will represent the eclipse-wind in direction and velocity. 
The prevailing wind was derived from the mean of the wind-directions immediately 
preceding and following the penumbra, or, what was found to be virtually the same 
thing, from the mean wind-direction durii^ the passage of the penumbra, since the 
eclipse-wind blew from opposite directions during this passage. The mean wind and 
the eclipse-wind were at first determined graphically for all the stations, then as the 
results seemed to be of importance they were rigidly computed for all the stations 
where the - observations were suflSciently accurate to warrant it. The mean wind- 
direction was computed by the formula, 

2(8in o)v 
S(co8o)t; 

in which ^ is the mean wind-direction, o is the observed wind-direction in degrees of 
azimuth, and v is the observed wind-velocity. In obtaining the sum of the sines and 
cosines, they are given the proper signs of the quadrants. 
The mean velocity was obtained by the formula, 



Tan. = 



V-= 



\i /' S(B'PQ)^ y ■ /S(cos o)vy' 



in which V is the mean velocity tind n is the number of observations. 
In the accompanying diagram, 
let & = mean (or prevailing) wind-velocity 
c ^ observed wind-velocity 
a = eclipse wind-velocity 

A, By and C are angles opposite a, b, and c 
A = angle of observed wind and mean wind 
B = angle of observed wind and ecUpse-wind 
C -^ angle of eclipse-wind and mean wind 
^ direction of the mean (or prevailing) wind in d^pi^es 
ff^- direction of the eclipse- wind in degree. 
Then solving the tnangle, abc, 
b- 

i(B+C)— 80 — M 

C=4(B+C)-J{i(— O) 

(6 — c) cos ^A 
" Bin i{B — C) 

$>= $x 180 T C (plus when o, the observed wind, is to the right of 
the mean wind ; minus when o is to the left of 
the mean wind). 



tan. 1(B— C) = 



• cot 1.4 
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THE ECLIPSE CYCLONE AND THE DIUBNAL CYCLONES. 9 

The eclipse winds were computed by these formulas for Washington, Ga., Wades- 
boro, N. C, and Blue HiU. For the other stations, the graphic solution was deemed 
sufficient, because the errors of plotting are much less than errors resulting from lack 
of sufficient detail in the observations. 

This insufficiency of detail in the observations arose chiefly from the wind-directions 
being recorded to eight or sixteen points of the compass instead of in degrees. The 
small time-scale, used in recording the wind-velocity at one or two of the obserTatories, 
prevented great accuracy in determining the velocity. Thus at the New York Central 
Park Observatory the wind-directions were recorded with sufficient iiccuracy by a 
Draper anemoscope, but the wind-vebcity for short intervals could not be determined 
with certainty on account of the small time-scale of the anemometer. Mr. Botch was 
the only one of the observers within the path of totality who had self-recording instru- 
ments. His records are excellent for the study of the echpse-wind during the time 
covered by them, except for a short time following totabty when the anemometer cups 
ceased to turn on account of the Ught wind, and an estimate of velocity was made. 
At Wadesboro, N. C, the vrind-directions were taken from a light vane about 
thirty feet above the ground; and the velocities were measured with a very delicate 
hand-anemometer. Mr. Pickard, at Virginia Beach, Va., observed the wind-direction 
in degrees, but he was vrithout an anemometer, and had to depend on estiraates of the 
velocity. These estimates were not sufficiently accurate for a detailed study of the 
changes in the eclipse-wind; but, the changes in direction and velocity indicate very 
clearly an outflow of wind from the shadow. Mr. Cole observed the wind-direction at 
Centei'ville, Va., but obtained no velocities. Outside of the path of totality, the most 
detailed observations were obtained at the Blue Hill Meteorological Observatory, where 
a Draper anemoscope gave wind-directions which could be read to degrees of azimuth, 
and a Richard anemo-cinemograph gave velocities which could be read to tenths of a 
mile. At the Ithaca and the Toronto Observatories, the wind-velocity was recorded by 
dots and dashes on a fairly large time-scale and could be read with sufficient accuracy; 
but the wind-direction was recorded to only eight points of the compass. At Ithaca, 
where the general wind was light, the eclipse-wind was able to assert itself, aud could 
be determined with a fair degree of accuracy. But at Toronto, the general wind was 
high, and was not measurably deflected by the echpse-wind. At Belen College, Havana, 
the wind-direction was recorded to sixteen points, but this fell short of the detail needed 
for accurately determining the eclipse-wind. However, notwithstanding the various 
defects in the records, it will be seen that there is a surprising agreement in the eclipse- 
winds as determined for diffei'ent stations with different weather conditions. The 
eclipse-winds, determined in the manner described above, are given in Tables I. to IX. 
These results, when plotted, indicate very clearly an outflow of wind from around the 
area of total eclipse, and an inflow around the borders of the penumbra. But there are 
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10 BLUE HILL MBTBOROLOGICAL OBSERVATIOSS. 

certain irregularities due t* the irregular fluctuations usual to the wind. In order to 
diminish the effect of these, I selected the observations at, or near, the beginning of each 

fifteen-minute interval, and smoothed them by the formula — — ^. The results 

4 

are given in Table X. These winds were plotted at their proper places on maps of the 
United States for 8:15 a. m., 76th meridian time, when the umbra, or area of totahty, 
was about to enter the American continent from the Pacific; and were also plotted for 
9 a. m., when the umbra had passed off the coast of the United States on to the 
Atlantic Ocean. These maps are given in Plate II., Figs. 1 and 2. The position of the 
umbra is shown on each map by a dark circular area. The depressions of temperature 
at 8:15 A. H., and at 9 a. h. at the different stations, as given in Tables I. to IX., were 
plotted on the charts with the winds, and isotherms were drawn. The weather-condi- 
tions at each station are indicated by symbols, and the velocity of the eclipse-wind is 
indicated by the length of the arrow. The winds were nearly reversed in direction at 
the various stations as the umbra moved from one side of the continent to the other; 
but both charts. Figs. 1 and 2, show a distinct anticyclonic circulation and an outflow 
of air extending from about the umbra, or central area of the ecUpse, to a distance of 
at least 1,500 or 2,000 miles. In Fig. 1, the outer limit of the outflow appears to be in 
New York, beyond which there is an inflow. In this figure the observing stations are 
so far in advance of the central area of the eclipse that no appreciable depression of 
temperature is shown; but in Fig. 2, which coincides with the time of greatest depr^- 
sion of temperature at Wadesboro, Washington, and Virginia Beach, there is a central 
area where the temperature-depression exceeds 8" F. This area of greatest cold lags 
behind the umbra about 500 miles. The charts. Fig. 1 and Fig. 2, show only a portion 
of the eclipse-area, or penumbra, which extended from near the equator to the pole and 
was about 5, 000 miles in breadth. Hence these charts do not show the winds on the 
outer area of the penumbra, or the successive changes which occurred at any one station 
as the eclipse passed over it. A view of these changes is obtained by plotting the winds, 
temperatures, etc., atcei-tain stations, when they were successively in different parts of 
the ecUpse-area. The erlipse-shadow was travelling with a velocity somewhat greater 
than 2,000 miles an hour. By placing the stations at their proper distances from the 
path of the umbra, and plotting the successive 15-minute observations at intervals of 
about 500 miles, a synoptic chart is obtained showing the conditions observed at any 
given station, or group of stations, when they were in different portions of the eclipse- 
area. 

In this way. Figs, 'i to 6 were constructed. In all these diagrams, the direction 
and the width of the path of the umbra are indicated by parallel lines forming long 
arrows. The central, shaded area shows the umbra; and the outer circle or portion of 
a circle shows the outer limit of the penumbra. Fig. 3 shows the eclipse-winds at Blue 
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THE ECLIPSE CYCLONE AND THE DIURNAL CYCLONES. 11 

Hill and at Wadesboro, N. C. The directions are plotted in degrees, and the velocities 
are shown by the lengths of the arrows. Fig. 4 shows the same thing for Ithaca, 
N. Y., and Washington, &a. Fig. 5 is a composite in which the arrows north of the 
path of the umbra are the mean of Ithaca and Blue Hill, the arrows along the path are 
the mean o£ Washington, Oa., and Wadesboro, N. C, and the arrows south of the 
path represent the eclipse-winds at Belen College, Havana. The data are taken from 
Table XL, which was obtained by combining the results for stations similarly situated 
in regard to the path of the eclipse. Figs. 3 to 5 indicate distinctly an anticyclonic 
circulation of the wind around the centre of the eclipse, extending outward to a 
distance of about 1,500 miles from the umbra. Outside of this area, which is inclosed 
by a circle formed by a broken line, there is an, equally distinct cyclonic circulation 
of the winds, about 1,000 miles in width, extending to the edge of the penumbra, 
Beyond this there are indications of another ring of outflowing winds. The posi- 
tion of the inner circle where it crossed the path of the umbra corresponds, approxi- 
mately, to the places of greatest depression of the curve of air-pressure below a 
straight line connecting the pressure at the beginning and the end of the eclipse; 
see Plate I., Fig. 1. The outer circle of broken hues in Fig. 5, surrounding the eclipse- 
area, represents a probable ring of high pressure surrounding the penumbra. Fig. 6, 
Plate II., shows a composite of the observed air-temperature in different portions 
of the eclipse. The data north of the path of the lunbra are derived from the mean 
of the observations at Ithaca and Toronto; the data aloi^ the path are derived 
from the mean of the observations at Washington, Ga. , and Wadesboro, N. C. These 
data are given in Table XI. The data south of the path are from Helen College, 
Havana. The isotherms show an elliptical area of greatest cold, central about 
500 miles in the rear of the umbra. From this centre the temperature^epartures 
diminish to zero at the edge of the penumbra. The greatest depression of temperature 
is north of the track of the umbra. This was chiefly due to the continental effect. 
There was, north of the path of the umbra, a large land-surface which cooled more rapidly 
than the ocean in the vicinity of Havana. The difference may also have been due in 
part to the fact that the sky was partly cloudy at Havana. On comparing stations 
north of Uie path of the umbra, as for example. New York and Toronto, at one of 
which the sky was cloudy and at the other clear, the temperature is found to be less 
depressed by the eclipse, at the station where it was cloudy. On comparing stations 
with the same weather conditions, but at different heights, as New Ycffk and Blue 
Hill, the first being near sea-level and the latter about 640 feet above the adjacent sea, 
there is found a much less depression of temperature by the eclipse at the higher 
station than at the lower. This fact indicates that the fall of temperature in the 
eclipse is confined to a stratum within a few hundred feet of the earth's surface, and 
probably largely to the first one hundred feet. The analogy to the diurnal change of 
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12 BLUE HILL METEOROLOGICAL 0BSBBVAT1ON8. 

temperature would alao indicate that this must be true. The shape and the position 
of the areas showing the humidity-departures ate so similar to those of the temperature 
that it is not deemed necessary to reproduce them. The chief difference is that, in one 
case, the departures are plus and in the other minus. In other words, during the 
eclipse there is a rise of absolute and of relative humidity and a fall of temperature. 

Comparison with Observations in Other Eclipses. 
The changes in temperatiire and humidity attending the echpse of May 28, 1900, 
were exactly similar to those observed in previous ecUpses. Heretofore the change of 
air-pressure attending solar eclipses has not been certainly determined. In the eclipse 
of August 19, 1887, Professor Hesehus found a slight lowering of the pressure. 
(Nature, Vol. 38, p. 625.) On the other hand, for the same eclipse, Schonrock 
noted only a slight maximum of pressure, which followed totality about Ih. 30 m. 
(Repertorium fiir Meteorologie, Vol. 12.) Most observers have looked for an increased 
pressure, and seme have concluded that uo measurable change occurs during the 
eclipse. In the echpse of May 28, 1900, the observations indicate very clearly a lower- 
ing of the air-pressure during the echpse, the minimum of pressure occurring soon 
after the minimum of air-temperature. , This is shown by the observations at Wash- 
ington, Ga., at Blue Hill and at Toronto. See Tables I., IV. and VI. The accompany- 
ing diagram shows a record made by an "aerograph," or air-barometer, at Toronto. 
The air chamber of the barometer was sunk eight feet in the ground to eliminate 
the influence of external changes of temperature. (The Hydro-aerograph, by F. Napier 
Denison, Report of Brit. Ass. Adv. of Science, Dover, 1899.) The curve from the 
original record is here reproduced on the same scale without correction in any way. 



The echpse began at Toronto about 7:4r7 a. m., and ended about 10:18 a. m. A 
straight, dotted hue is drawn through the curve, connecting the pressure recorded at 
the beginning and the end of the echpse. It is seen that the recorded pressure was 
gecierally below the dotted hne throughout the echpse, but there was an upward swell 
between 8 and 9 a. m., reaching a maximum about 8:45 a. m., and shortly preceding 
the middle of the ecUpse. Immediately preceding and following the beginning and the 
ending of the eclipse, the curve rises above the dotted line, indicating a ring of high 

pressure surrounding the penujnbra, and thus agreeing perfectly with the distribution 

of pressure demanded by the wind-circulation. 
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In order to obtain the normal pressure-changes produced by ecUpses, I have taken 
the observations made by Professor Upton and Mr. Rotch in three total ecUpses, and, 
by the methods previously described, I have separated the pressure-changes attribu- 
table to the eclipse from those due to other causes. The results are shown in Table 
XII. The mean of the observed pressures at Chlamostino {near Iwanowo), Eussii, on 
August 19, 1887, are given in column 2, and the times in column 1. (American 
Meteorological Journal, Vol. +, p. 451.). This ecUpse occurred at a time of day when 
the pressure was rising steadily ; and the changes duo to the eclipse are separated 
from the diurnal and other changes by interpolating a uniform rise, having the same 
values as the observed pressures at the beginning and the ending of the eclipse. These 
values are given in column 3 ; and the differences, showing the changes of pressure 
during the eclipse, are given in column 4. In the fifth and the sixth columns of Table 
XII. are given the means of the observations at Willows, Cal., on January 1, 1889. 
(Annals of the Astronomical Observatory of Harvard College, Vol. XXIX., No 1.) 
This eclipse occurred at about the time of the diurnal minimum of pressure ; and con- 
sequently the change due to the eclipse cannot be separated from the diurnal change by 
simple interpolation. Fortunately, observations on December 31 and January 2 allowed 
the form of the diurnal curve to be approximately determined, as given in the seventh 
column of Table XII. By getting the differences and interpolating a uniform fall 
between the beginning and end of the eclipse, the changes of pressure during the 
eclipse are obtained as in the preceding case. The changes in pressure during the eclipse 
of April 16, 1893, at Mina Aris, Chile, given in the twelfth column of Table XII., 
are from barograph records of Mr. Rotch. Mr. Rotch's records covered an interval 
of seven days, and the mean pressures derived from these, not including the day of the 
eclipse, are in column 13 of Table XII. These means probably give the normal diurnal 
change with considerable accuracy, since the daily oscillation in this latitude is very 
constant. The difference between the normal pressure and the pressure on the day of 
the eclipse is given m the fourteenth column. Subtracting .007 inch from these differ- 
ences, to allow for a constant difference of level, the changes of pressure during the 
eclipse are shown. These final differences are given in the fifteenth column of Table 
XII. The seventeenth column gives the departures in pressui-e for the ecUpse of May 
28, 1900, as derived from Table I. The missing values are interpolated and are given 
in parentheses. They were used in obtaining the mean departures for all the eclipses 
given in the final column of Table XII. The times of the beginning and the ending of 
each eclipse is given in local time. 

The average of the pressures at 23 stations (which are given for the eclipse of 
August 19, 1887, by Schonrock in the Eepertorium fur Meteorologie, Vol, 12) is shown 
in Table XIII. The first line gives the number of minutes preceding and following 
the total phase. The second line gives the departures in milUmeters of the observed 
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14 BLUE HILL METEOROLOGICAL OBSERVATIONS. 

presBures from the pressure observed at the time of totality. The thu-d line gives the 
uniform fall which may be attributed to the approach of an ordinary cyclone; and the 
fourth line gives the differences or depai'tures of pressure during the eclipse from a 
uniform fall- The fifth line gives these differences in thousandths of an inch. 

The departures of pressure for the various eclipses, after the elimination of the 
diurnal changes as explained above, and given in Table XII., are plotted in Plate III. 
The observations are represented by dots connected by straight broken lines. These 
Unes show numerous small irregularities, and smooth curves are drawn through them. 
These curves are all similar in prraenting three maxima and two minima. The central 
maximum undoubtedly corresponds with the anticyclonic circulation shown by the 
winds surrounding the umbra. The two minima are probably parts of a ring of 
minimum pressure which surrounds the anticyclone at a distance of about 1,500 miles 
from the umbra. The outer maxima are undoubtedly parts of a ring of high pressure 
which surrounds the edges of the penumbra. The influences of ocean and of continent 
are also apparent. In the eclipse of August 10, 1887, the path of the umbra wfis almost 
entirely over a land-surface; the changes of pressure are symmetrical, and the curve in 
Plate III. probably represents the normal curve. In the ecUpse of January 1, 1889, the 
path of the umbra at the beginning was over the ocean, whei-e the fall of temperature 
was probably slight; and the first part of the curve of pressure for that eclipse in Plate 
III. shows but slight changes, with a weak development of the first minimum. During 
the latter part of its course the umbra was over the land, where the fall of temperature 
was probably relatively large; as a result, the second minimum and the third maximum 
in the pre88ure<urve for CaUfomia are well developed. In the eclipse of April 16, 
1893, the course of the umbra was first over the Pacific Ocean, next over South 
America, and then across the Atlantic. In this case, the central maximum of pressure, 
formed when the umbra was over a land-surface, is the largest of the three maxima. 

Mr. Eliot's study of the eclipse of January 22, 1898, in India (Indian Met. Memoirs, 
Vol. XI., No. 2), has arrived as this paper is passing through the press. His results 
show (L) an abnormal increase of pressure of about .04 inch during and following the 
eclipse. This increase, if due to the eclipse, probably resulted in some way from the 
form of the Indian peninsula, because a similar increase has not been observed in other 
ecUpses. His results show (2) variations in the rate of this increase of pressure of such 
a nature that, if a uniform increase be assumed and subtracted from the observed 
increase, the residuals give a curve agreeing in form aud range with those here found 
for other eclipses. There is a maximum of pressure immediately preceding the middle 
of the eclipse, a minimum about fifty minutes later, and a maximum following the end 
of the eclipse. His mean curve is not extended to show the maximum preceding the 
eclipse, but this is clearly shown in many of the individual curves. 
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COMPABISOK WITH THEORY. 

The low temperature, the circulation of the winds, and the form of the pressure- 
curve accompanying the eclipse of May 28, 1900, all proclaim the development by the 
ecUpse of a cold-air cyclone, the theory of which has been so well worked out by Perrel 
that no better description of it could be given than in his own words. Ferrel main- 
tains, from theoretical considerations, that cyclones necessarily have an inner area 
of low pressure, surrounded by a ring of high pressure which Professor W. M. Davis 
has named a ptricyclone. Ferrel further maintains that a cyclone may have its origin 
either in a high air-temperature increasing toward a central area, or in a low air-tem- 
perature decreasing toward a central area. The one he calls a cyclone with a warm 
centre, the other a cyclone with a cold centre. Of cyclones with a cold centre, he 
says: — 

"If for any reason the central part of any given portion of the atmosphere of a 
somewhat circular form is maintained in any way at a lower temperature than the 
surrounding parts, and the temperature gradient on all sides is somewhat symmetrical, 
we have approximately the conditions which give rise to a cyclone. In this case it 
is readily seen that there must be a vertical circulation, as in the ordinary cyclone, but 
that it is reversed, out from the centre below and in towjird the centre above, with a 
gradual settling down of the air in the interior to supply the outward current beneath. 
This vertical circulation, as in the case of the ordinary cyclone, gives rise to a cyclonic 
motion in the interior and an anticyclonic in the exterior part of the air under con- 
sideration, but in this case the gyratory velocity is greatest above and is less at lower 
altitudes, diminishing down to the earth's surface, where it is least. In the anti- 
cyclonic part the reverse takes place, the gymtory velocity being least above and 
greatest down near the earth's surface. The distance from the centre, at which the 
gyratory velocity vanishes and changes sign, is greatest above, and gradually becomes 
less, with decrease of altitude down to the surface, where it is nearest the centre. . . . 
The conditions of a cyclone with a cold centre which are the most nearly perfect, are 
those fiirnished by each hemisphere of the globe, as divided by the equator, in which 
the pole is the cold centre and the temperature gradient from the pole toward the 
equator is somewhat symmetrical in all directions from the centre. . . . The easterly 
motions in the higher latitudes and the westerly ones in the lower latitudes, in the one 
case, correspond to the cyclonic in the interior and the anticyclonic in the exterior 
part, and the belt of high pressure near the tropics to that of high pressure in the 
case of any cyclone with a cold centre. . . . The centre of a cyclone with a cold centre 
may, or may not, have a minimum pressure, according to circumstances. A certain 
amount of temperature gradient, and of pressure gradient which is independent of 
the gyratory motion, as explained in the case of the general circulation of the atmos- 
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phere, is necessary to overcome the friction in the lower strata and to keep up the 
vertical circulation, upon which the cyclone depends; and the pressure gradient, 
which depends upon the temperature gradient and is independent of the gyrations, 
may he such that the increase of pressure la the central part due to this cause may 
be greater than the decrease of pressure arising from the cyclonic gyrations, espe 
cially where surface friction is great." (A Popular Treatise on the Winds, pp. 
337-339.) 

The eclipse-cylone is of especial interest from a theoretical point of view, because 
its origin, clearly connected with the fall of air-temperature attending the eclipse, is 
freed from all questions relating to the condensation of vapor, and from all questions 
relating to the dynamic effects due to the meeting of air-currents which might possibly 
influence the origin of the ordinary cyclone. The eclipse may be compared to an 
experiment by Nature in which all the causes that complicate the origin of the 
ordinary cyclone are ehminated, except that of a direct and I'apid change of tempera- 
ture. The results derived from the observations, by eliminating the influence of other 
known phenomena, show quantitatively the effects of a given fall of temperature near 
the earth's surface in a given time. They show that a fall of temperature is capable 
of developing a cold-air cyclone in an astonishingly short time, with all the pecuUar cir- 
culation of winds and distribution of pressure that constitute such a cyclone. They 
show, furthermore, that a fall of temperature of the air does, not act primarily to cause 
an anticyclone but a cyclone, and the anticyclone is a secondary phenomenon, or rather 
a part of the cyclone. 

The eclipse-cyclone shows no apparent lag, or dynamic effect, due to the inertia 
of the air. To keep pace with the eclipse-shadow, moving about 2,000 miles an hour, 
the eclipse-cyclone must have formed continuously within the shadow and must have 
dissipated in the rear almost instantly. In this way its motion may be considered to 
have a certain analogy to wave-motion. Any given particle of air, moving with the 
velocity of the ecUpse-winds, could not have moved more than five miles as a maximum 
during the passage of the echpse. Hence all the changes of pressure must have been 
derived from the deflective influence of the earth's rotation, acting on air moving this 
distance. 

In brief, the meteorological effects of the eclipse are important: (1) because 
they confirm so well Ferrel's theory of the cold-air cyclone; (2) because they show the 
wonderful rapidity with which cyclonic phenomena can develop and dissipate in the 
atmosphere; and (3) because they show that cyclones do not necessarily drift with the 
atmosphere, but move with their originating cause, which, in the echpse, had a 
progressive velocity of about 2,000 miles an hour. 
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THE DIURNAL CYCLONES; A NEW SUGGESTION AS TO THE CAUSE OF THE 
DIURNAL PERIOD IN ATMOSPHERIC PRESSURE. 



The discovery that the brief fall of temperature attending a solar eclipse produces 
a well-developed cyclone which moves with the eclipse-shadow at the rate of about 2, 000 
miles an hour, suggests that the diurnal fall of temperature, due to the occurrence of 
night, must also produce, or tend to produce, a cold-air cyclone. Since the heat of the 
day produces, or tends to produce, a warm-air cyclone, there must tend to occur each 
day two minima of pressure, one near the coideat part of the day, and another near 
the warmest part of the day, with areas of high pressure between them due to the 
overlapping of the pericyclones surrounding the cold-air and the warm-air cyclones, 
respectively. These causes must produce, in part or entirely, the well-known double 
diurnal period in air-pressure. At any rate, in view of the fact that an eclipse causes a 
cyclone over a half hemisphere, it will be necepsary, before rejecting such a theory, to 
show that the fall of temperature at night does not produce a cyclone; or, that this 
cyclone and the corresponding warm-air cyclone of the day do not appreciably influence 
the barometer. 

As a preliminary step in comparing the theory with observation, I have averaged 
the diurnal pressures at Blue Hill and at Kew for three epochs of the year ; the winter 
solstice, the summer solstice, and the equinoxes. I have selected Blue Hill and 
Kew, which are oppositely situated in regard to the great continents and the Atlantic 
Ocean, in order that the influence of laud and water may be partially eliminated, and 
an approximation to a normal, diurnal wave may be obtained. These values are given 
in Table XIV. Next, for the night hours, a symmetrical curve of pressure was 
constructed to represent the cold-air cyclone. This cui-ve was modelled after that 
found in the eclipse and shows the three maxima and two minima of pressure. The 
centre of this curve is placed coincident with the time of minimum temperature. 
Next, a curve of pressure was constructed to represent a warm-air cyclone with the 
minimum pressure at the warmest time of day, and maxima about six hours preceding 
and following to represent the ring of high pressure. The ranges in each case were 
determined from observation. The hourly values, read from these curves, are given 
in Table XV. The values for the cold-air and the warm-air cyclones were added 
together and the results are plotted in curves in Plate IV,, where they may be com- 
pared with the curves plotted from the mean of the observations. By subtracting the 
assumed symmetrical values from the mean of the observed values at corresponding 
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hours, the results in Table XVI. are obtained. These results show that there is an 
excess of the observed pressures about the time of the morning maximum, and a 
deficiency about the time of the evening maximum. This difference is probably 
produced by a lack of symmetry in the diurnal cyclones, but chiefly in the warm-air 
cyclone. If the pressure in the pericydone in the front of the warm-air cyclone be 
increased a few thousandths of an inch, and diminished in the rear, the theoretical 
curve will agree very closely with the curve of observed values. This lack of sym- 
metry may be due to the irregular distribution of land and water. For example, the 
excess of pressure in the morning and the deficiency at night are chiefly the result of 
the Blue Hill data. Blue Hill is so situated that the morning ring of high pressure of 
the warm-air cyclone passes over it at the time when the maximum temperature occui's 
over the centre of the large land surfaces of the eastern hemisphere, where the diurnal 
heating must be great, and the diurnal cyclone well developed. On the other hand, the 
evening pericydone passes over Blue HiU when the centre of greatest aftemoon-heat is 
over the Pacific, where the diurnal heating is small, and the cyclone weak. 

The observations vrith kites at Blue Hill have shown that the diurnal change of 
temperature in the atmosphere is chiefly confined to the thin stratum within 1,000 
meters of the earth's surface. Hence, this stratum probably plays the chief part in 
the production of the diurnal cyclones, which consequently musf be gi-eatly affected by 
the distribution of land and water with their well-known influence on the diurnal tem- 
perature. The final quantitative determination of the problem will probably require 
the separate determination of the influence of each continent, peninsula and island. 
It is probable that continents Uke North America, peninsulas like Spain, and even 
islands like Great Britain, tend to generate systems of cold-air and of wann-air cyclones 
which are superimposed upon the normal, diurnal period of the world as a whole. 

To test further the theory of the diurnal cyclones, the phenomena which the theo- 
retical cenditions seem to demand are compared with the large mass of information 
concerning the diurnal changes in pressure accumulated by Buchan, Rykatchew, Angot, 
Hann, Schmidt, Curtis, and others. 

(1) Omitting the irregular influence of land and water, the greatest dimnal change 
of temperature occurs in the tropics and approaches zero at the poles. As a conse- 
quence, the diurnal cyclones would be central over the equatorial region, producing the 
greatest diurnal range of pressure there ; and the range would decrease to a minimum 
in the polar regions, as shown by observation. 

(2) The greatest range in the double diurnal vaiiation in pressure must occur at the 
equinoxes, because the contrast between day and night, taking the world as a whole, 
is then at a maximum. At the summer and the winter solstices, the opposite poles 
have continuous day and continuous night, respectively, so that the diurnal oscillations 
are confined to a narrower zone than at the equinoxes. The diurnal cyclones and the 
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oscillatioDs of pressure, being dependent on the amount of daily change of temperature 
over the world at large, are, in consequence, less at the solstices than at the equinoxes, 
as shown by the analysis of Dr. Hana. 

(3) The positions of the diurnal minima and maxima of pressure, being dependent 
on the positions of the diurnal minimum and maximum of temperature, must shift 
their hour of occurrence in accordance with the changes in the hours of minimum and 
maximum temperature, and this agrees with observation ; see the plotted curves in 
Plate IV. 

(4) In high northern latitudes, the morning minimum of temperature and of pres- 
sure would be 80 much displaced that the pericylone in the cold-air cyclone would not 
overlap the pericyclone of the warm-air cyclone, but would occur about 1 A. M., produc- 
ing the third maximum discovered by Ryltatchew. {See the observed and the computed 
curves for January, Plate IV, ) 

(5) The intensities of the diurnal cyclones would depend, in part, on local as well as 
on general conditions, and, consequently, the diurnal ranges in pressure would respond 
in a certain degree to local changes in the diurnal temperature-range, as shown by 
Mr. R. H. Curtis. 

(6) Since each large land-surface would tend to develop a system of diurnal 
cyclones of its own, the diurnal pressure-curves over the interior, and on the coast, 
would differ materially, as shown by observation. 

(7) The north pole being on the edge of the general diurnal cyclone as well as of 
the continental cyclones, the diurnal changes in pressure would arise chiefly from 
changes in the intensity of the pericyclone. The pressure at the pole would conse- 
quently oscillate in a phase opposite to that over the continents, being at a maximum 
when the general cyclone was re-enforced by the warm-air cyclones of the continents, 
and at a minimum when the afternoon minimum of the diurnal cyclone was over 
either ocean. This conclusion agrees with observation. (See American Meteorological 
Journal, Vol. 6, p. 150.) 

(8) Considering a vertical section of the atmosphere, the warm-air cyclone would 
disappear above a certain neutral plane ; and at higher levels it would be replaced by 
an anticyclone. On the other hand, the cold-air cyclone would increase in intensity 
with increase of height ; and, on account of its pericyclone, there would still be a 
tendency to a double diurnal oscillation of the barometer, such as is shown by harmonic 
analysis, though the chief effect would be a single oscillation. 

(9) Although over continents, where the diurnal oscillation of temperature is large, 
the warm-air cyclone would be much increased in intensity, the cold-air cyclone would 
not necessarily show increased intensity, because the increiised friction over continents, 
especially where mountains pi-evailed, would diminish .the air-movements on which 
depends the fall of the barometer in the cold-air cyclone. The rise of pressure, which 
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nonnally exists at the centre of the cold-air cyclone, would be accentuated ; and it 
might easily happen that the fall of pressure in the cold-air cyclone at the earth's 
surface was no greater than over the sea, where there was a much smaller diurnal fall 
of temperature, and, at the same time, much less friction. Hence, the typical 
continental diurnal pressure-curve has a deep afternoon minimum and a shallow 
morning minimum. In valleys, where air-circulation is almost entirely checked, the 
rise of pressure, due to the increased density of the chilled air, is the predominant 
feature at night, so that the diurnal pressure-curve tends towards a single oscillation, 
with a maximum at night and a minimum in the afternoon. Hence, the diurnal 
harometric oscillations at any place are partly the result of local and partly the result 
of far distant causes. A slight fall of temperature would be more effective over the 
oceans in the diurnal cyclone than in the ecUpse cyclone, because it acts through a 
longer time. 

In the future study of this problem, these various effects should be separated and 
studied separately, if possible. It is doubtful whether the harmonic analysis is the 
proper method of research, because there are two independent variables, the cold-air 
and the warm-air cyclone, which approach each other from the summer to the winter 
solstice, and then recede again. This change in position produces an unsymmetrical 
curve of pressure, and is probably the chief cause of the thii-d term in the harmonic 
series, and also of its annual variation. The first term in the harmonic series may be 
produced by the greater development of the warm-air than of the cold-air cyclone. In 
this case, the changes in harmonic values would be fictitious and not natural, although 
their values would be some function of the natural conditions which might thus be 
detected. If the fall of pressure in the cold-air cyclone is not Increased by the cold over 
continents, as suggested in (9), then the first term in the harmonic series would vary 
greatly in passing from the ocean to the continent, while the second term would not 
vary to the same extent, if at all. 

The diurnal cyclones move from east to west, contrary to the motion of ordinary 
cyclones in temperate latitudes. Their velocity of motion is about 1,000 miles an hour 
at the equator, and diminishes toward the poles. The two charts at the bottom of 
Plate IV. indicate the circulation of the surface-winds and upper currents in the diurnal 
cyclones. In these charts, the ordinates represent the hours of the day, and the abscissfe 
represent distances from the equator. The data for the surface winds are derived from 
observations at Blue Hill, lat. 42" 13' N., long. 71" 7'W., and Cordoba, Argentina, lat. 
31" 25' S., long. 64° 12' W. (Annals of the Astron. Observatory of Harvard College, 
Vol. XXX., Part IV., pp. 115 and 419.) The directions of the arrows represent, in 
the usual way, the wind-directions, and the position of the arrow in each case shows the 
time of maximum frequency of each wind. Thus the greatest diurnal frequency of 
southerly winds occurs at Cordoba at 7 a. m., and at Blue HiU between 7 and 8 p. m. 
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There is also a second maximum frequency of southerly winds at Blue Hill ahout 1 1 
A. M. The wind-arrows at Cordoba and Blue Hill are in general from opposite direc- 
tions and distinctly indicate a circulation of the wind around two cyclonic centres pass- 
ing along the equator, and an outflow of air from high pressures intermediate between 
them. The lower chart, headed Upper Winds, shows the times of greatest frequency 
of each windnJirection in the upper air between 2,500 and 10,000 meters. These times 
were determined by observations of clouds at Blue Hill, and from hourly wind records 
on the Santis, in Switzerkuid. Cloud strata at three different levels between 3,000 and 
10,000 meters above Blue Hill each gave a result similar to the other, and this is 
indicated by the heavy arrows in the chart. (Annals of the Astron. Observatory of 
Harvard College, Vol. XXX., Part IV., pp. 415 and 419.) The observations on the 
Santis, at an elevation of 2,500 meters, are indicated by the light arrows in the same 
diagram. There are no observations available at these heights south of the equator; 
but the observations north of the equator indicate a circulation very different from 
that at the earth's surface. There are apparent at these heights only one cyclonic and 
one anticyclonic circulation. The low pressure in the cold-air cyclone of night persists 
at these high levels, and probably with increased intensity ; while the low pressure in 
the warm-air cyclone of day has been replaced by a high pressure and an anticyclonic 
circulation. 

Summary. 
The points in favor of this theory (that the double diurnal period in pressure is 
due to two diurnal cyclones, one developed by the cold of night and the other by the 
heat of day) may be stated in brief as follows : The theory is based- on well-known 
physical laws. The possibility of a cold-air cyclone under conditions similar to the 
diurnal cyclone is confirmed by the eclipse-cyclone. The theory explains the annual 
oscillations of the maxima and the minima of pressure. It explains the occurrence of 
a third maximum in high latitudes in winter, and also the so-called inversion in the 
diurnal period near the pole. The theory also explains why the warm-air cyclone is 
well developed over continents, and on clear days, and causes a marked fall in the 
barometer during the afternoon, and wliy the morning minimum of pressure over conti- 
nents does not attain an excessive development as compared with that over oceans, 
where there is slight retardation of the air movements on which the fall of the 
barometer in the cold-air cyclone depends. 
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TABLE 1. 
WASHINGTON, GA. Lat. 33° 44' N. ; Loug. 82° 46' W. 
A. Lawrknce Rotcii and S. P. Fkkcusson, Obnerverx. 
Eclipse began 7 : 33 a. m. ; Total 8 : 41 — R : 42 a. m. ; Ended 9 : 59 a 
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NoTB. The Bky w«8 oloadless throafthoat tbe eclipse exMpt for *, few Btreaks of olmii Dear the soatheni horizon moTing from 
□orthwert. The tempentare and hnmldit; were determined by an Assmann Bcpltation p«;cfammeter. The wind dirsctlon ajid velocity 
were taken from lelf-iegiBterlng InatrameDta. From 8:40 a. n. to 8:S8 A, tl. the anemometer cups did not turn although there wu 
nottceable wind, and the obarrrers estimated iu velocity at two milee an hour. The prcoance was read from a large Caaella aneroid, com- 
peDMted tor temperature. Under Wind Velocity, 1 gives recorded Telocitie* for five minates; 2 girea the mean of oooieaatiTe namben 
in 1, the values in parentheses having been corrected by the ohaerven' eatimates. 
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TABLE II. 
WADESIJORO, N. C. Lat. M' St)' N. ; Long. 80° 5' W. 
II. H. Ci.ArroN, Observer. 
Fxilipee began 7:37 a. m. ; Total 8 : 46—8 : 47 a. m. ; Knded 10 : 07 ;i 
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NoTB. One or two bands of cl^.ca., cbanBinf to ci., passed over the zenith between 6: 25 and 6: 30 a. h. Nephoscope obserratlona 
■bowed tbat they were moTlDKlrom N. 79° W. witb • velocity of M miles per hoar, or 79 feet pet second (aaanmlng them to h&ve been at 
the mesD h«lgbt oE d). The sk; throughoat the eclipse remained cloudless, except one or two streaks of cloud near the hoiizon. At 
3 T. H. oa. were obaerred at a height of 2,793 meters (computed from dew point), moving from 9. 80° W.; velocity, IS miles per hour, or 
31 teet per second. 
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TABLE in. 

VIRGINIA BEACH, VA. Lat. 36° 50' N. ; Long. 75° 5!)' W. 

G. W. PicKAitD and E. K. Putnam, Observers. 

Eclipse began 7 : 41 ; Total 8 : 32—8 : 54 ; Ended 10 ; 15 a. m. 



0„..„,o... 


UTID tlNIFORH CHIHSB 
DUIlll.8 KOLIPBB. 


Wind. 


s 

11 




Wind. 


ffc 


Wlna. 


1 

s 


u 


k 


la 


k 


8 


5-00 


63.0 


E 


1-2 




° 




" 




6:00 


60.5 








■• 








7:45 


69.0 


S50°E 




+ -4 







—25 




8 


00 


68.5 


S45°E 


2-4 


— .1 


+ 2 




—20 




8 


15 


67.5 


S40''E 


2-4 


— 1.1 


+ 5 




—15 




8 


20 


66.5 


845°E 


2-4 


—2.0 


— 1 




—20 




8 


25 


65.5 


S45''E 


•2-i 


—3.0 


— 2 




—20 




8 


80 


64.5 


S30°E 


2-4 


—3.9 




-12 




— 5 




8 


35 


63.5 


825^^. 




—4.9 




-16 


.. ! 




8 


38 


62.5 


SIO'E 




—5.9 




-30 


.- ! H 


hl5 




8 


40 


62.2 


S 




—6.4 




-40 




. 


-25 




8 


43 


61.8 


SICE 




—6.6 




-29 




- 


-15 




8 


45 


61.5 


S10°W 


7 


—6.5 




-49 




. 


-35 




8 


47 


61.1 


S10°E 


7 


—7.2 




-28 




. 


-15 




8 


50 


60.7 


S25°E 


5 


—7.6 




-13 









"T 


"TT 


l^.'k' 






-8.5 


". 


|35" 




+20 




9 


00 


59.6 


S 5''E 


1 


—8.7 




-31 




+20 




!t 


20 


61.0 


S25='E 


2 


—7.1 




- 7 









9 


40 


64.0 


H2a°E 


2 


^-i.l 




h 3 









10 


10 


67.0 


S20°E 


2 


— ].] 


+ ^ 




+ 5 




10:20 


69.0 


S25°E 


4 














Note 


Asltg 


t li&ze was 


leeaton 


ning aloni 


th 


beach 


at 8:« 


A. 


■.and 


M8:6B 



A. M. tliia hftze wu well marked ; from 8:57 to 8:09 a. u. haaTj deir was observed on (he 
cloud minor, and the Bhoes of ■ man who had walked tbrongh tbe grasBwaie notioed 
to tM wet. The Ay remained cloudlMs throughout the eolipsa, except that alight olrrus 
bands, with uo apparent motion, were observed between 9:06 and 9: 10 a. u. 
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TABLE IV. 
TORONTO OBSERVATOHY. Lat. 43" 39' J 
R. F. Stdpaht, Director. 
Eclipse began 7:47 a. m. ; Maximum 8:55 a. m. ; Ended 10: 18 



Long. 79° 17' W. 

u. (approximate times). 
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• OMllIttltiB bttwMD B. and H. E. 
NoTX. Generally clear diiriog the eclipse, some cl.-oii. uid ci. ; fine sbont T a. v. : at 8 a. h. sky abont OJ ooTered with ci. and 
ci.-cu. moving ham west, velocity moderate. The values given in the Table were taken Irom Inatnunenle reootding photographically 
and from an anemograph recording miles and directions to eight points by means of dots. The instramenta were checked by eye 
readings at 10 a. m. 
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TABLE V. 

ITHACA, N. Y. Lat. 42° 27' N. ; Long. 76° 29' W. 

RoBEBT G. Allen, Director.' 
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• Cornell TTnivanity in coSpantion with D. 8. Wektbw BnreMi. 

Not*. The diia of tbe nm wm pl&lnly' visible Ibionghoiit the eclipM, bnt ndiatlon wn <Umini«h»d by ft 
T»il of alrruf oloDd at intervals. Tba Umperatnre wu from aye olwsrvatiom. The r»l*(lT« hanildl^ waa Uken 
ftom a bygiograph cheeked by eye obaerrftttoiu. The wind wm taken from an aDemof[iaph, leoocdlng the mOTB. 
ment In milea by mean* of daabes, and the diieoUona to eight poina at (be compaM. 



Digitized by 



Google 



THE EOLIPSG CYCLONB AKD THE DIURNAL CYCLONES. 



TABLE VI. 
BLUE HILL METEOROLOGICAL OBSERVATORY. Lat. 42' 13' N. ; l.^ng. 71* 7' W. 
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NOTB. The sky WBB coTered with dooM nlmlras olonda dnrhig mMt of the ecIipM, and Blight ipiinkle of rain tell ti«in 9:41 to 
9;(M)A.if. The temperstim and bnmlditf were trom eye obeerrBUone. The aii prcMare ww raad Irom a mercnrlal baiosiaph of the 
Diaper pattern. The wind direction was taken from a Draper anemoaoope, and the wind Telodty from a Rlohaid aneiuiHslnemagiaph, 
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TABLE Vn. 

NEW YORK METEOROLOGICAL OBSERVATORY. Lat. 40° 46' N. ; Long. TS" 58' W. 

Daniel Draper, Director. 
Eclipse began 7 : 47 A. H. ; M&ximum 9 : 03 a. u. ; Ended 10: 2G a. u. (approximate times). 
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16 


.0 





.00 








—10 


+^ 


N 12' E 


3.9 


8:00 


54.9 


90 


.39 


N44°E 


n 


— .1 


--1 


.00 





—2 


— 9 





N41'' W 


2.1 


8:15 


54.4 


92 


.39 


N45'E 


16 


— .9 


--4 


.00 


+' 


+1 


— H 


4-3 


N 17° E 


3.6 


8:30 


54.3 


92 


.39 


N47''E 


17 


—1.8 


-4 


.00 





+3 


— 6 


+* 


N29°E 


4.2 


8:45 


54.2 


9.H 


.39 


N52°E 


15 


—1.7 


--5 


.00 


+3 


+ ' 


— 1 


+2 


N46°E 


2.0 


9:00 


54.0 


92 


.37 


NSS-E 


12 


—2.2 


--5 


—.02 


--5 


—1 


t 2 


—1 


S 37° W 


1.0 


9:lS 


54.0 


k 


.59 




13 


—2.5 


- -7 


.00 


-.fi 





+ ■'' 


rt 


S 32' K 


1.1 


9r30 


53.9 


92 


.37 


N59°E 


12 


—2.9 


--6 


—.03 


-.fi 





+ « 


— 1 


S 6° W 


1.7 


9:45 


54.1 


92 


.37 


N60°E 


11 


—3.0 


--6 


—.03 


--5 


—1 


+ ' 


—2 


S 21° W 


2.5 


10:00 


54.2 


90 


.37 


N60°E 


11 


—3.2 


- -4 


—.03 


--4 





+ 7 


—2 


S 21° W 


2.5 


10:15 


57.0 


87 


.40 


N59»E 


9 


— .3 


--2 


.00 


--1 


—1 


+ fi 


-4 


S 42° W 


4.1 


10:30 


58.0 


85 


.40 


N59°E 


10 


.0 





.00 








+ 6 


—3 


S 36° W 


3.2 



Noi>. HeBT7 Dbnbng aloud* coveted the Bky and obacDied the m 
direction, and wind Telocity were token from reooTding instrDmeota, all ol tl 



TABLE Vm. 













MoDlreal, Can. 




. 


Can 


bervlUe, Vs. 1 




OBIBRTATIOBB BT W, A. EODr. 




0. H. HcLbod. 


or.. F. Ow,. 




Otto B. Colb. 1 


Tln»o[ 




Tam- 






wind. 


Tlma, 
Uar. 


Tam- 


Tern. 
peratun 




para- 


p«r^" 


Wind 
Dl«c. 

UOD. 


Uar. 


tva- 


wind 

Dlrse- 


Fn.. 


Dtnb 
Udh. 


bti. 

(IClM. 


* ■ 


































tr5( 


.fiO 


sa 


S3 


.40 


NE 


40 


8:0( 


54.fi 


.0 


8:0( 


.%0.5 


.0 


NE 


fi 


30 




SE 
















8:15 


55.9 


+ •« 


8:15 


.50.3 


— .3 


NK 


7 


30 




SE 
















8:3( 


5t>.ll 


+ .2 


8:3C 


50.5 


— .3 


NK 


8 


00 


70 


SEtoS 


8:45 


.60 


5.1 


Vi 


.40 


NK 


40 


8:45 


Sfi.O 


— .2 


8:45 


50.8 


— .2 


NK 


8 


30 


68 




9:05 


.65 


56 


M 


.40 


NK 


40 


9:00 


56.0 


— .7 


9:00 


51.2 


.0 


NE 


8 


3« 
45 


67 

66 


S£ 
SE 


9:11. 


.65 


65 


94 


.41 


ITU" 


"TT 


9:lT 


■55"9 


~-1.2' 


";15 


sTT" 


- :(i 


"W 


9:35 


.69 


56 


94 


.42 


NE 


28 


9:30 
9:45 


55.7 

5fi.l 


-1.8 

—1.8 


9:30 
9:45 


50.5 
.50.3 


—1.0 
—1.3 


NE 
NE 


8 


50 


65.5 


SE 


8 


55 


64 


tiEtot 


LO:0C 


.69 


57 


88 


.42 


NE 


15 


10:00 


56.8 


—1.5 


10 : OC 


50.2 


— l.fi 


NE 


9 


00 


63 


SS£ 
















10:15 


5H.1 


— .2 


10:15 


51 .5 


— .4 


NK 


9 


10 


64 


S 


10:28 


.70 


66 


89 


.43 


NE 


12 


10:30 


59.1 


.0 


10 : 30 


52.1 


.0 


NE 


9 


30 


68 


SSE 



NoTB. HsBTj stnto.«aiimliu w 



Dimboi clonda covered the reglong in which these □baarvatlona were taken, except at CentervUle. 
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TABLE IX. 

BKLRN COLLEGE, HAVANA, CUBA. Lat. 23° 8' N. ; Long. 76° 35' W. 

Lorenzo Gangoiti, S. J., LHrector. 

Eclipse began 7:25 a. m. ; Maximum 8 : 32 a. m. ; Ended 9:46 a. m. (approximate timeB). 



o^„™... 


DErABTDBES OF OB8IBTID VlLUII CBOH 

AV mrBBPOLAT»D DhIFOBM CBANQI 

DURIHB KCLIPBI. 


Defibtdu of 
Ombbtid 

FBOH UlAH 

WindVblooiti 


■ss- 


Tim. of 
TMhUer. 


T.»p,. 


R«l. 


(ln«b.? 


Wfnd. 


Temper- 

-7. 


H^'. 


Vspar 


Wind. 




De^W 


DfrecUon. 


Velocity. 
(Ill1e>.) 




Vdooltf. 


t 


Veloa. 
(Ullei.) 




Helen 


Mllet. 


7:00 

7:15 

7:30 
7:45 
8:00 
8: 15 
8:30 


77.7 
78.1 

78.4 
78.6 
79.0 
79.2 
79.3 


93 
92 

92 
92 

90 
89 
89 


.90 
.90 

.90 

.90 
.90 
.90 
.90 


ENE 
ENE 

ENE 
ENE 
NE 
ENE 
ENE 


.8 
1.8 

3.8 
3.1 
4.2 
2.8 
3.1 


1.8 

4.0 

8.5 
6.9 
9.4 
6.3 

6.9 


— .1 

— .5 

—1.1 
—1.7 




tl 


.00 

.00 

.00 

+.01 

+.01 


tl 


+ 2.4 
+ .1 
4- 2.0 

— 1.8 

— 1.8 


5.6 
6.0 

6.5 

6.9 
7.2 

7.4 
7.6 


— 3.8 

— 2.0 

+ 2.0 

.0 

+ 2.2 

— 1.1 

— .7 


S 64° W 
S59°W 

N78- E 
S28°E 
N 2" E 
S50°W 
S40°W 


3.7 
2.0 

2.0 
.3 
3.6 
1.1 

.7 


8:45 
9:00 
9:15 
9:30 
9:45 

10:00 
10 : 15 


80.2 

81.7 
82.6 
83.5 
84.0 

84.7 
84.7 


87 
81 
79 

78 
76 

74 
74 


.90 
.90 

.89 
.89 
.89 

.87 
.87 


ENE 
ENE 
ENE 
ENE 

ENE 

ENE 
NE 


2.9 
4.8 
4.5 
6.4 
5.1 

6.2 
4.3 


6.6 
10.7 
10.1 
14.3 
11,4 

13.9 

9.6 


—1.4 

— .5 

— .2 

+ •1 
.0 

■■ 










+.01 
.00 
.00 
.00 
.00 


+ 2 
+ 3 
+ 2 
+ 3 
+ 2 


— 2.9 

+ -7 
+ -6 
-j- 3.0 

— .5 


7.8 
8.1 
8.3 

8.5 
8.7 

8.8 
8.9 


— 1.3 
+ 2.6 
+ 1.8 
+ 5.8 
+ 2.7 

+ 5.1 

+ -7 


S52°W 

N76''E 
N80°E 
N72°E 
N76°E 

N88°E 
N23°W 


1.3 
2.6 
1.8 
5.8 
2.7 

5.1 
3.3 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 

TABLE X. 
ECLIPSE WINDS. 

Smoothed by formula ±±^-t^- 



% 


wuhinartd 


a.Ot, 




BIiM Hill, Hui. 


Kn York.'N. T. 


Itfamcm, V. I. 


Toronto, C»B, 


H>Tan>, Onba. 1 


IMrectloD. 


ti 


Dliwtloii 


li 


IMiwlkiD. 


xi 


Dlnetloii. 


ti 


Dlr«tIon. 


ti 


DlrMiion 


f J 


DlTMtlOD. 


ii 


pM 








5S 












>t 










7:15 






N S'W 


.5 
















S 53'W ' 1.4 


7:30 






N84°E 


.6| .. 














S 77° E .6 


7:45 


N73°W 


.5 


S .'>4° E 


.^ ■ Nfi?" E 


5>.3 












N34''E 1.1 


8; 00 


NG5"W 


l.R 


S17°W 


.4 N47'' E 


9..-?: 


N 6°W : 2.6 


S44°W 


1.1 






N 4"W 1.6 


8:15 


N67°W 


1.0 


N57°W 


.4 1 N33° E 


2.0 


N 9* E : 3.1 


S81"'W 


1.3 


\v 


•?,.?. 


N50°W ■ .7 


8:30 
8:45 
9:00 
9:15 


N62'E 


.5 


N40°W" 
N21° E 


1.0 1 N19° E 


1.3 
.8 
1.5 


N27' E 3.3 
N38''Ei 1.8 


N79°W 
N59°W 


1,3 
1.5 


w 
w 


1.2 

.5 


S 46''W : .9 


N70°E 
N37°E 


2.1 
2.4 

.8 


.4 


N53°W 
S82°W 


fe I'E 

N81*'E 
N75'' E 


.3 
1.5 
3 


S46»E 


.9 

.8 


S35''E 


.4 


§^5*W 
S 7°E 


.0 
.6 


NE 


.8 


S57"W 


Va 




1.1 


9:30 


Nsa'W 


1.7 


S37'W 


.8 S14=W 


1.3 


S 5'W 


1.7 


N69°E 


1.1 


NE 


?. « 


N74'' E 


4,0 


9:45 






N79''W 


1.6 1 S 5° E 


1.4 


sn'-w 


2.3 


N44= E 


1.5 


WNW 


? 1 


N79° E 


4.0 


10:00 






N61°W 


1.6 ! SIO'W 


1.0 


S28''W 


2.8 


N22°E 


1.2 


W 


' 1 


N72''E 


3 1 


10 : 15 






N45°W 


1.1 ! see'-w 


.8 


S36°W 


3.5 














10:30 








. . '■ N64°W 


1.3 



















NoTB. Id obtaiDlng these smoothed means only the obseTTed VHlDes at IS-mionte interval! were m 
»t T:00 A. M, and 8:30 A. m. were miiming, and the values at T : OS A. M. and 8: ffl A. m., respectiTelj. w«r 
throDgh the middle o( eacb serie.-! Indicate* tlie mailmmn ot the eclipse, or totality. 

TABLE XL 

ECLIPSE CONDITIONS. 

Means of Stations Similarly Situated. 







M^^ 


WaahtnKton and Wadeiboro. 


Me«.ofIt»« 


■■ aad Toronto. 


Ithara and Kliu Hill.* 1 


. 




if 


. 


wind. 






.& 


J 




w,... 1 




S 


1- 


m 




ii 


1 


h 


11 


%u 




Dlfwllon. 


i^ 




a 




5a 




31 














Before. 


74 


.0 





.0„ 


N84° E 


.6 


70 


.0 





.00 


69 


N47' E 


2.2 




5ft 


+ -3 





.00 


a ad-w 


.1 


55 


— .4 





.00 


54 


N21*' E 


.5 




44 


— .2 


-- 1 


.00 


N82°W 


,7 


4(1 


— .4 





.00 


39 


N89° W 


.7 




29 


—1.4 


-- 4 


--.01 


N62° W 


.7 


25 


—1.1 





.00 


24 


N 83° W 


1.0 


Maximum. 


14 


—3.8 


-.10 


--.02 


NU'W 


.6 


10 


—1.5 


■ 


-2 


-l-.oi 


9 


N 78° W 


1.4 


1 


■-^.9 


-.15 


--.04 


rJ 62" E 


1.2 


5 


-2.9 


- 


-4 


-I-.01 


d 




i.i 




16 


—7.0 


- -23 


--.06 


N74° E 


1.6 


20 


—3.3 


- 


-7 


.00 


21 


S G-W 


1.0 




31 


4.3 


--15 


--.05 


N84'' E 


.6 


35 


—3.3 


- 


.6 


.00 


36 


S 48° E 


.8 


After. 


46 


—2.3 


-- 5 


--.02 


S 74° W 


1.1 


50 


—2.2 


■ 


.4 


.00 


51 


N 86° E 


.5 




61 


—1.5 


-- 2 


--.01 


N79°W 


1.6 


65 


—1.1 


. 


.2 


.00 


66 


N21°W 


.4 




71 


— .3 





.00 


N 61° W 


1.6 


80 


— .4 





.00 


81 


N64' W 


1.8 



■The raiatta at Ithaca are combined with those of Blue Hill 16 minulea latei, becsaM the interval between tbe maiimam 
ot Ibe eclipse at the two places is about 11 minntee. In obtidnlng tbeee averages ot Ibe winds the data were taken from the 
table above. 
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TABLE XII. 
OBSERVED CHANGES OF PRESSURE DURING TOTAL ECLIPSES. 



BD88IA. 


CALIFORNIA . 


V. a. A. 


OHtLB 






Ob, V. 8. A. 




Abb. n, 1B8I. 


J*B. 1, IMB. 


apml h, im. 




Hit n, 1900. 


■UN. 


KillpM b*gu> n. «■>.. 


Ectlp» begui Ilk. Urn. 


B«llp« begui 7h. li 




Begui Tb. 201. 


BeltpH tout Tb. Sm. 


BeKpK loUl Ih 




BcllpU loUl Sb 






ToUl 9b. lOm. 




KdllpH aadBd Sh. tm. 


KcIlP .BdBd Sh. to. 


Kcllpio »Dd«l M. 221 




Bndsd Hb. Km. 




Loul 
Tim.. 


Prn. 






?T 


$ 




M 


II 


(Inch.) 


LocbI 
Tiro.. 


i 


i 


i 


Kollp« 
PnHun 

(Inch.) 


Tim.. 


(IlKh.| 


amh.) 


5:13 


198 






12:15 


92 


46 


46 


46 


.000 


6:45 


66 


65 


9 


+.002 


6:35 






5:33 


194 


19* 


.600 


12:20 


86 


42 


44 


46 


—.002 


6:50 


59 


67 


8 


+.001 


6:40 




.000 


5:38 
5:43 


194 
199 


194 
195 


.000 

+ .004 


12:25 


84 


39 


45 


46 


—.001 


6:55 
7:00 


61 
63 


70 
72 


9 
9 


+.002 

+.002 


6:45 
6:50 




+.001 
+.002 


12 : 30 


82 


36 


46 


46 


.000 


5:48 




196 


+(.004) 


12:35 


78 


84 


44. 


46 


—.002 


7:05 


65 


73 


8 


+.001 


6:55 




+.001 


5:53 
5:58 


200 
201 


196 
197 


+ .004 
+ .004 


12:40 
12 : 45 


78 

78 


32 
SO 


46 

48 


46 

46 


.000 
+.002 


7:10 


67 


75 


8 


+.001 


7:00 




+.002 
+.002 


7:15 


68 


IT 


T" 


+,001 


7:05 


(.001)) 


6:03 


198 


198 


.000 


12:60 
12:55 


76 
72 


29 

27 


47 
45 


46 
46 


+.001 
—.001 


7:20 
7:25 


71 
74 


77 

78 


6 
4 


-.001 
—.003 


7:10 
7:15 


- .001 
-(.001) 


.000 
—.001 


6: OB 


197 


198 


— 001 


6:13 


197 


199 — .002 


1:00 


71 


26 


45 


46 


-.001 


7:80 


76 


80 


4 


—.008 


7:20 


— .002 


-.002 


6:18 


200 


200 < .000 


1:05 


66 


24 


42 


46 


-.004 


7:35 


77 


82 


5 


—.002 


7:25 


-(.002) 


-.002 


6:23 


201 


201 ; .000 


I :10 


67 


22 


45 


46 


—.001 


7:40 


77 


84 


7 


.000 


7:30 


— .002 


—.001 


6:28 


19st 


202 ;— .003 


1:15 


65 


20 


45 


46 


—.001 


7:45 


78 


85 


7 


.000 


7:35 


-(.002) 


—.002 


6:33 


199 


202 :- .003 


1:20 


6A 


18 


45 


46 


—.001 


7:50 


79 


83 


4 


—.003 


7:40 


— .003 


— .008 


6:38 


203 


203 .000 


1:26 


61 


16 


45 


46 


.000 


7:56 


81 


88 


2 


-.005 


7:45 


- (.003) 


—.002 


6:43 


202 


204 '— .002 


1:30 


60 


15 


45 


45 


.000 


8:00 


82 1 89 


7 


.000 


7:60 


— .002 


—.001 


6:48 


207 


205 !+ .002 


1:35 


60 


16 


44 


45 


—.001 


8:05 


83 1 91 


8 


+.001 


7:55 


-(.002) 


.000 


6:53 


207 


205 1+ .002 


1:40 


57 


17 


40 


45 


—.005 


8:10 


83 91 


8 


+.001 


8:00!— .003 


—.001 


6:58 




206 i+{.002) 


1:46 


60 


18 


42 


45. 


—003 


8 : 15 1 84 1 91 


7 


.000 


8;0.5i— (.003) 


-.001 


7:03 




207 


+(.001) 


1:50 


"eo" 


77 


H 


46 


—.002 


8 : 20 1 84 i 92 


T 


-|-.O01 


8:10 


-(.003) 


—.00] 


7:08 


"2O8 


207 


+ .001 


1:55 


59 


17 


42 


45 ; —.003 


8 : 25 : 85 


92 


7 


.000 


8: 15 


-(.003) 


-.001 


7:13 


206 


208 


— ,002 


2:00 


56 


17 


89 


45 ; —.006 


8 : 30 1 86 


92 


7 


.000 


8:20 


— .003 


-.003 


7:18 


207 


209 


— .002 


2:06 


54 


18 


36 


45 ! -.009 


8 : 35 1 86 


93 


6 


-.001 


8:25 


-(.003) 


—.004 


7:23 


205 


210 


- .005 


2:10 


54 


18 


36 


45 i —.009 


8 : 40 i 86 


91 


5 


—.002 


8:30 


— .003 


-.005 


7 : 28 i 205 


210 


— .005 


2:15 


57 


19 


38 


45 i —.007 


8 : 45 1 87 


90 


3 


—.004 


8:35 


-(.004) 


— .005 


7:38 1 207 


211 


- .004 


2:20 


57 


18 


39 


45 1 —.006 


8:50 


88 


91 


8 


-.004 


8:40 


- .004 


-.005 


7:88 ! 209 


212 


— .003 


2:25 


58 


17 


41 


45 , —.004 


8:65 


90 


94 


4 


— .003 


8:45 


—(.004) 


-.004 


7:43 1 211 


212 


— .001 


2:30 


60 


16 


44 


45 . —.001 


9:00 


91 


95 


4 


-.008 


8:50 


- .004 


-.002 


7:48 ! .. 


213 


-(.003) 


2:85 


56 


15 


41 


44 ! —.003 


9:05 


92 


97 


5 


—.002 


8:55 


-(.003) 


-.003 


7:63 210 


214 


— .004 


2:40 


58 


15 


43 


44 —.001 


9:10 


98 


98 


5 


—.002 


9:00 


— .001 


—.002 


7 : 58 211 


214 


— .003 


2:45 


58 


14 


44 


44 


.000 


9:15 


94 


100 


6 


—.001 


9:05 


-(.001) 


— 001 


8 : 08 215 


215 


.000 


2:50 
2:55 


60 
62 


16 
17 


44 
45 


44 
44 


.000 
+.001 


9:20 


96 


101 


6 


—.001 


9: 10 
9:15 


— .001 
-(.001) 


—.001 
.000 


8:08 


216 


216 


.000 


9:25 


"95" 


TW 


7 


.000 


8: 13 


220 


217 


+ .003 


3:00 


61 


18 


43 


44 


-.001 


9:30 


96 


102 


6 


-.001 


9:20 


- .001 


.000 


8:18 
8:23 


219 
215 


217 
218 


+ .002 
— .003 


3:05 


62 


18 


44 


44 


.000 
- -.002 


9:85 
9:40 


96 
97 


102 
101 


6 
4 


-.001 
-.003 


9:25 (.000) 


.000 
—.001 


3:10 


63 


17 


46' 


44 


9; 30 


.000 


8:28 


214 


219 


— .005 


3:15 


62 


17 


45 


44 


- -.001 


9:45 


97 


100 


3 


—.004 


9:36 




—.002 


8:33 


215 


219 


— .004 


a,. 


68 


16 


47 


44 


- -.003 


9:50 










9:40 
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BLUE HILL MBTKOROIJDOICAL OBSERVATIONS. 



TABLE Xni. 
MEAN PRESSURE DEPARTURES AT 23 STATIONS IN RUSSIA IN THE PATH OF THE 
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Noxi. The middle o( totality U Indiokted by 0, and the otber figarae give the mliiat«s preoedtng end following this epooh. 



TABLE XIV. 

UlURNAL DEPARTURES FROM MEAN PRESSURES AT BLUE HILL AND AT KEW 

IN THOUSANDTHS OF AN INCH OF MERCURY. 







P.M. 




- , 


January 

Blue Hill 


6 2 7 5 0-1 4 12 19 31 SI 18-4 
4-1 0-2-7-11-10-5 3 10 15 15 5 

5 3 1 -S -6 -3 3 1 1 20 23 1 7 


-22 -29 -29 -23 -17 -10 -303432 
_5 _ii _ii _8 _6 -1 3 5 6 6 5 2 
-13 -20 -20 -16 -11-5 3 5 5 4 






April and October 

Blue Hill 

Kew 

Mean 


8 3-3 -I! -3 2 10 18 20 23 20 13 
8 S _-2 _7 -9 -« -4 2 7 9 9 7 
8 3-2-6-6 -3 3 10 13 16 15 10 


-7 -20 -26 -26 -21 -14 -« 2 6 6 6 5 
-6 -11 -16 -17 -13 -6 8 11 13 12 11 
-6 -15 -21 -22 -17 -10 -3 5 8 9 9 8 




July 

Blue Hill 


5 1-3-6-2 4 10 17 18 17 17 12 4 
840-4-4-2 379 9 7 62 
7 3-2-5-3 2 6 12 14 1.^ 12 9 3 


-5 -12 -17 -21 -21 -16-10-2 5 5 4 3 
-2 -6 -10 -14 -16 -16 -11 -3 5 10 10 8 
_4 _9 _13 -18 -19 -16 -10 -3 5 7 7 6 







NoT>. Where do algebraic sign ii glTen the depattace id plo*. 
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THE BCUPSE CyCLONB AND THE DIUENAL CYCLONES. 



Values obtained by combining assumed values of pressure in symmetrical 
cold-air and warm-air cyclones. 
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Table xvi. 

DIFFERENCES BETWEEN PRESSURES OBSERVED AND ASSUMED SYMMETRICAL 
DAILY CYCLONES. 
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INTRODUCTION. 



The present publication contains the regulnr observations made during the 
years 1899 and 1900, a summary for the lustrum 1896-1900, a discussion by 
Mr. Sweetland of the visibility of distant objects as affected by meteorological 
conditions, based on five years' observations, and a discussion by the same author 
of the temperatures recorded at Milton during the past fifty years. There is 
added a bibliography of the most important articles relating to the Observatory 
and ite work, published by members of its staff and others during the last 
five years. 

The publication of the occasional Bulletins mentioned in the Introduction 
to the Observations for 1897 and 1898 was continued, and the following have 
appeared since that time: — No, 1, 1899. Studies of Cyclonic and Anticyclonic 
Phenomena with Kites; H. Helm Qayton, 19 pages. No. 2, 1899. Two 
Remarkable Snow-Storms; A. E. Sweetland, 8 pages. No. 3, 1899. Progress 
of Experiments with Kites diuing 1897-1898 ; S. P. Fergusson, 8 pages. No. 1, 
1900. Studies of Cyclonic and Anticyclonic Phenomena witii Kites j H. Helm 
Clayton (Second Memoir), 36 pages. The publication of these Bulletins was 
discontinued with the last-named, which was the seventh of the series, and 
future investigations will henceforth appear in these Annals according to the 
announcement of Professor Pickering in the Preface to the present volume. 

Part I of this volume, entitled The Eclipse Cyclone and the Diurnal Cyclones, 
contains a study by Mr. Clayton of the meteorological observations made by 
the staff of thb Observatory and others during the Total Solar Eclipse of 
May 28, 1900, as well as of similar observations made by Professor Winslow Upton 
and the writer during three previous eclipses, and from which it is soi^ht to 
establish the analogy between the changes in atmospheric pressure observed 
during total eclipses of the Sun and the daily period occurring in the barometer. 

The work of exploring the air with kites at Blue Hill, of which th^ history 
and earlier results were published in these Annals, Vol. XLIl, Part I, Appendix B, 
and in the Bulletins before mentioned, will be further described and the recent 
result* discussed in the next Part of this Volume. 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 



The Maintenance and Personnel. — All the expenses of the Observatory con- 
tinue to be paid by the undersigned, except the greater part of the cost of 
publishing the observations and investigations in these Annals, which is borne 
by the Harvard College Observatory. , 

There has been no change in the staff: the imdersigned directs the work; 
Mr. H. H. Clayton is the meteorologist; Mr. S. P. Fergusson has charge of the 
instruments, and Mr. A. E. Sweetland attends generally to the observations. 

The Stations and Instruments. — Three stations have been maintained, as 
during previous years. The primary station is the Observatory on the summit 
of Great Blue Hill; the two secondary stations are situated north-norliiwest of 
it, one at the base of Blue HiU, and the other in the Neponset valley. At all 
the stations, instruments recording graphically are controlled by eyeK)b8ervation8 
that are made three times a day at the Observatory and once a day at the 
other stations. Beginning with 1899 a self-recording hygrometer was substituted 
for the self-recording rain-gauge at the Valley Station. As this station is used 
as a sea-level station for the observations obtained with kites, the sheets of the 
thermograph and hygrograph are changed every day as at the Observatory. 
At the Base Station weekly record-sheets are employed. 

Tlie Work of the Obseroatory. — Apart from the routine observations and auto- 
matic records at the three stations, the principal work has been the exploration of 
the air with kites. In order to study the changes with height at different seasons 
and in varying weather conditions ^ghts were made about once a month on 
three or four consecutive days. During 1899 records were obtained from the 
kite-meteorograph in 25 flights, the average height that it attained above sea-level 
being 7,400 feet, and the maximum height 12,440 feet. During 1900 there were 
24 flights with an average height of 8,450 feet and an extreme height of 15,800 
feet. Details of the work mil be given in the publication mentioned. 

At the . suggestion of Mr. S. P. Langley, Secretary of the Smithsonian Insti- 
tution, experiments were undertaken during the summer of 1899 at the expense 
of a grant from the Hodgkins Fund to ascertain whether kites might be used 
advantageously to lift the terminal wires in Marconi's space-telegraphy. After 
much experimenting, signals were transmitted between a kite elevated about 200 
feet above Blue Hill, and the tower of Memorial Hall in Cambridge, distant 
twelve n^^es. It was found that a longer wire collected atmospheric electricity 
to such an amount as to interfere seriously with the action of the coherer, con- 
stituting the receiving apparatus. Mr. G. W. Kckard of Boston rendered valuable 
I in these experiments. 
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INTRODUCTION. 41 

A Bpecial study was made of the meteorological phenomena attending the 
Total Echpse of the Sun on May 28, 1900. Messrs. Clayton, Fergusson, and 
the writer went to the Southern States to observe it, and the cooperation o£ 
other observers was secured. The results have, been published as already stated. 

3%e Local Weather Predictions. — Precipitation and cold-wave flags were dis- 
played as heretofore on the tower of the Observatory, according to the United 
States Weather Bureau local forecaste for twenty-four hours, revised at Blue Hill, 

An Explanation of the Tables. — Tables I and VI contain the eye-observations 
made at the summit at 8 a.m. and 8 p.h., arranged in the international form, 
recommended by the International Congress of Vienna in 1873. The wind 
velocity, however, is given, in metres per second, instead of its force on a scale 
of to 12 ; and some slight deviations from the Vienna scheme, which are 
found in the publications of the Prussian, Austrian, or Swiss meteorological 
bureaus, have been adopted here and in Tables II and VII. Among these are 
the departures of the means and totals from the normals at the foot of the 
columns. Following the recommendation of the Paris Conference of 1896, distant 
thunder and lightning have been noted separately in the Remarks, and in 
Tables II and VII the days with thunderstorms include only storms in which 
both thunder and Hghtning were observed. 

Tables II and VII contain summaries for the years, arranged also in the 
international form, vrith the data expressed in both English and metric measures. 
The mean monthly values of atmospheric pressure, air temperature, and relative 
humidity, are not the simple means of the observations at 8 a.m., but have 
corrections which are determined from the departures of the means of these 
hours from the means of the twenty-four hours given in Part 11 of Vol. XXX. 
The clear, fair, and cloudy days are determined from the daily mean of the 
cloudiness each hour, from 7 a.m. to 8 p.m. When the mean cloudiness is 
between and 2 inclusive, the day is clear; when between 3 and 7 inclusdve, 
fair; and when between 8 and 10 incluave, cloudy. This method, has been fol- 
lowed each year sdnce 1891 ; previously the clear, fair, and cloudy days were 
obtained from the daily percentage of possible bright sunshine. The number 
of hours the wind blew from each of the eight points of the compass, which 
replace the " number of times observed " in the international form, is removed 
from its place in Tables II and VII for convenience of printing. The normals for 
Uie vapor pressure and for the number of days with gales of fifty or more miles 
per homr {true wind velocity) are computed only for the years subsequent to 
1891. 
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42 BLUE HILL MITBOROLOGICAL OBSERVATIONS. 

In the supplementary Tables II and VTI are given some additional data 
regarding sunshine and wind. The percentage of posEdble bright sunshine is 
determined from the average pos^ble duration of sunshine in latitude 42°, thirty 
minutes each day being subtracted to allow for the time when the Sun, on 
account of its proximity to the horizon, does not affect the cards of the Campbell- 
Stokes instrument. The wind velocity has been mostly obtained from the Richard 
anemo-cinemograph. 

Tables III 'and IV, and Tables VIII and IX contain the annual summaries 
of the Base and Valley Stations. The data for these stations could not be 
pubUshed in the international form, because eyeH>bservations were made but 
once a day. 

Tables V and X contain the record of visibility, for which, during the day- 
time, towers or ramilar structures in various azimuths, and in the evening the 
lights of three light-houses were observed. 

There next follows a simiraary of the observations at the three stations 
for the lustrum 1896-1900. Table XI is a general summary for the Summit 
Station, arranged in the international form with metric equivalents for the English 
measures. Tables XII and XIII are summaries of the observations at the Base 
and Valley Stations, respectively. This is the first time tiiat such summaries have 
been published, the form being that of the annual tables. Table XIV shows 
the advance of the seasons for each year since the beginning of observations 
in 1886. 

The Library. — During the past year a card catalogue of authors and sub- 
jects has been prepared by Mr. Clayton. The books, not including volumes 
of observations and periodicals, number about five hundred and are arranged 
according to the Dewey system; the pamphlets nxunber about three thousand 
and are clasrified by subjects, in boxes in the order of their receipt. There 
were acquired by exchange or purchase — chiefly the former — 236 books and 
pamphlets relating to meteorology in 1899, and 300 in 1900. This number 
does not include separate volumes of sets or about 30 magazines and registers 
of observations, received monthly or oftener. Correspondents are informed that 
the address of the Observatory is Hyde Park, Mass., U. S. A. 

A. LAWRENCE BOTCH. 
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TABLE I. 
OBSERVATIONS MADE TWICE DAILY 

IN 1899 

AT THE BLUE HILL METEOROLOGICAL OBSERVATORY. 

LoNoiTUDE 71° 6' 53" ■w. Latitdde 42° 12' 44" n. 

Height op Baboheter above Mean Tide, 640 Feet or 195.1 Metres. 

N. B. — This and the folloiriDg Table are in the form recommended by tbe International 
Meteorolc^cal Congress of Vienna in 1873, witlt modifications subsequently adopted. 

Maximum and minimum values are denoted by heavy-faced type. 

The barometer is corrected to S2°, but is not reduced to sea level nor to standard gravity. 

Maximum and minimum temperatures are for the precedii^ 24 hours. 

The normal vapor pressure is for the years since 1891. 

In the clondinese column the occurrence, at the hour of observation, of rain, is indicated by *, 
snow or sleet by ", fog by — below tbe amount of clond. 

Wind velocities, which are true velocities and are expressed in metres per second, are for 
tbe five minntee preceding tbe hour named. _ 

Precipitation is tbe amount during the preceding 24 hours. Absence of precipitation is denoted 
by a dot (.), and amounts less than .01 inch are recorded .00. 

The international symbols nsed in the Remarks, and in Table II, are : — 

© Rain. V FnMtwork (Rough). T IMMsnt Thunder. 

■)^ Snow. CO Ice Coating (Smooth). OO Haze. 

^ HaU. 4<. Drifting Snow. Solar Halo. 

^ Sleet. *— Floating Ice-Cryrtali. Solar Corona. 

^ Fog. —Uf Gale. CI7 Lunar Halo. 

.c^ Dew. f^ Thunder and Lightning. W Lunar Corona. 

I I Hoar Fnxt. ^ Dinant Lightning. /~^ Rainbow. 

^ Surrounding country more than half under mow. . . --^. Anrora. 

The intensity of a phenomenon is denoted by an exponent indicating slight, 2, great, and 
an absence of e^cponent, moderate intensity. 

In the Remarks tbe time of occurrence is expressed in hours and tenths ; morning and afternoon 
ore indicated by a and p, respectively; midnight and noonbyl2p and 12 h respectively, the hours 
being counted ttom to 12, commencing with midnight. The coutionance of a phenomenon ia 
indicated by a dash ( — ), 
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BLUE HILL UETEOROLOUICAL OBSEBVATIOKS. 



JANUARY, 1900. 
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SUMMARY FOR 1900. 
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F.l,r 


c>«. 


Dup. 


Fulir. 




,„u 


Ditf. 


January . . . 


27.1 


~ii 


37'!4 


3^0 


18'!3 


-7^6 


2718 


-2.3 


56 


13.3 


20 


"4 


15^6 




February . . 


25.9 


-3.4 


34.9 


1.6 


18.1 


-7.7 


26.6 


-.8.1 


66 


13.3 


13 


- 8 


-22.2 


27 


March .... 


31.7 


-0.2 


41.5 


6.3 


20.9 


-6.2 


31.2 


-0.4 


65 


12.8 


16 


3 


-16.1 


12 






19. 


























May 


53.0 


11 7 


64 7 


18.2 


4*^4 


5.8 


53 5 


11.9 


08 


83.9 


15 


28 


- 2.2 


u 


June 


fi4fl 




76 3 
























July 


71.0 


«1 7 


81 4 


27.4 


61 3 


16.3 


71 3 


21.8 


96 


35 


18 


60 


10.0 




August . . . 


68.8 


20.4 


79.3 


26.3 


60.9 


16.1 


70.1 


21.2 


96 


35.6 


26 


43 


8.9 




September . 


62.6 


17.0 


73.4 


23.0 


56.0 


12.8 


64.2 


17.9 


92 


33.3 


6 


41 


5.0 


19 


October . . . 


53.2 


11.8 


62.3 


16.8 


47.5 


8.5 


54.8 


12.7 


80 


26.7 


5 


27 


- 2.8 


20 


Kovember . 


42.0 


5.6 


49.6 


9.8 


34.9 


1.6 


42.2 


5.7 


72 


22.2 


2 


18 


- 7.8 


17 


December. . 


29.5 


-1.4 


37.5 


3.1 


22.7 


-5.2 


30.1 


-1.1 


56 


12.8 


24 


4 


-15.6 


15 


Year 


47.9 


8.8 


57.8 


14.3 


39.6 


4.2 


48.6 


9.2 


96 


35.6 


26,VI1] 


- 8 


-22.2 


27,11 


1886-1900. 


46.2 


7.9 


55.4 


13.0 


88.* 


3.7 


47.0 


8.3 


97 


36.1 


Vn,'94 


-16 


-26.7 


[I,'90 




■1-1.7 


+ 0.9 


+2.4 


+ 1.3 


+0.9 


+ 0.5 


+1.6 


+ 0.9 
















PrerlpliMion. 






Namtwrof 


DaJtwiUi 




Maiil1>. 


Toul HonthI)-. 


Mulmum D*lly. 


>,01 


>1.0 


■)f 
>0.l 


.▲ 


ri 


- 


Clw. 


(lotldj 


>B0 


!«..,«. 


Mm. 


Iwh«, 


Mm. 


D«.. 


January . , , 


4.25 


107.9 


1.46 


87.1 


12 


16 


10 


4 








6 


6 


8 




March .... 


8.81, 
4.62 


173.2 
117.4 


1.56 
1.96 


89.4 
49.5 


13 
16 


11 

10 


10 

8 


8 

7 






1 




8 
8 


6 
10 


12 

8 




April . 




1.98 


50.3 


.64 


13.7 


19 


I^ 


10 





n 





7 


11 


10 




May.. 




5 61 


142.5 


??ft 


57.1 






10 







? 














4.23 
3 0? 


107.4 
76.7 


1.57 
1 71 


39.9 


22 
?6 


10 

in 


9 






2 



6 


2 


8 


9 




July . . 




August ... 


1.36 


84.5 


.83 


8.4 


16 


10 


7 








4 


6 


1 


8 




September . 


4.29 


109.0 


2.04 


61.8 


18 


7 


7 








2 








9 




October . . . 


4.0< 


103.1 


1.47 


37.3 


9 


14 


10 











14 


6 


17 




November , 


5.44 


138.2 


1.79 


46.5 


26 


12 


12 


4 


1 


2 


9 


6 


18 




December. . 


2.46 


62.6 


1.12 


28.5 


4 


8 


6 


5 








5 


6 


11 




Year 


48.14 
47.45 


1222.7 
1205.0 


2.25 
5.92 


57.1 
150.4 


3,V 
X,'95 


131 
132 


107 
106 


23 

28 


4 



20 
20 


70 
86 


68 
94 


130 
130 


26 

15 


1886-1900. 


Departures 


+ 0.69 


+ 17.4 








-1 


+ 1 


-5 


+4 





-16 


-26 





(-11 



SpEciAr, I*TTrN<>irENA. — April 8, a serlee of camnlua clouds were obacrved forming over a large forest flre in W. 
Fdmouth. A frost WBB reported in the lowlands on May 39 and Is the latest observed in leyenrs. On May 28 there wasa 
partial eclipse of the sun which eansed some small changes in temperature, pressure and vind. On Jnne 22 there fell 
some hulslones as large as | inch. On Jnne 30 a westerly gale eansed immense cloada of dnst to All the air and rendered 
it Tery uncomfortable oat of doors. On July 20 a rery dense smoke from distant forest Sree filled the air for about 2 
hours during the afternoon and then suddenly cleared away. On November 4, pear blossoms were picked from a tree on 
the south Bide of Blue Hill. On November 9 there was a severe thunderstorm accompanied by hail between 8 
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BLUE HILL UBTEOROLOGICAL OBSERTATIONS. 



TABLE VII. 
SUMMARY FOR 1900, 



January , 
February 
March 
April . . 
May . . 
June . . 
July . . 
August . 
September 
October . 
November 
December 

Year . . 
1886-1900 
Departures 



Nombcrof Boon wind 



936 

885 



546 
-110 



1040 
1177 

-137 



1578 
1479 



1795 
1672 
+ 128 



January . . 

February . 

March . . 

April . . . 

May . . , 

July . . . 

August . . 

September . 
October . ■ . 

November . 

December . 



Year . . . 
1886-1900 . 
Departures . 



TABLE VII. 
SUPPLEMENTARY. 
- 34 ft., or 10.4 m. above (rroaitd. 



U2.6 
121.4 
209.7 
209.0 
228.4 
282.8 
309.3 
245.7 
200.8 
129.8 
116.2 
149.3 



2340.0 
2166.9 
+ 17S.1 



18.9 
16.8 
16.0 
14.7 
14.8 
11.5 
13.7 
15.3 
17.9 
16.3 



H.4 



hO.6 



— True wind veltx'itici arc recorded which arc about IH per rent, lower than thoie recorded by a Robinson 
T wiih the (actor 3. The velocitiee for prct-eding years given here are correcled in the eame ratio. The 
velocity i« for an interval of five minutes. No calnig of one honr'a dnratiun oecurred, there being none in 
the avenge from 1886 to 1900. 

Uigitzed by v^:iv. 
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AIWUAI, SITMMARY AT THE BASE AND VALLET STATIONS. 

TABLE VIII. 
SUMMARY FOB 1900 AT THE BASR STATION. 

= *2''13'Z0"n. H = 210fl., i>rC4m. lu = 6 ft . or 1.8 m. h, = 



Jannary . . . 
February . . 

May 

July 

August . . . . 
September . 

October 

November . . 
December . . 

Year 

1 887-1 W0» 
Departures . 



38.3 
36.5 
42.9 
56.5 
65.6 
76.S 
80.8 
78.7 
73.2 



19.3 
19.5 



62.6 
61.3 
55.0 
48.5 
85.3 



28.8 
28.0 



46.7 
54.3 



19.0 
17.0 
20.3 
19.6 
22.6 
20.4 



70.0 
64.1 
56.6 
43.2 
31.3 

49.4 
48.1 
+ 1.3 



14.3 
15.8 
15.5 

18.2 
17.5 
+ 0.7 



N. B. —Under " Unmclled Snow," .00 indicU«i 



2.07 
6.57 
S.52 
2.97 
1.62 
4.44 
4.01 
6.04 
2.61 

27, II 98 48.49 

II, '96 108 48.71 

-0.22 

for IRM ud ISeS aro mlialue. 

leH than O.I inch, uid adat (.) abieace of ii 



18, VII - 
VII, '! 



TABLE IX. 

SUMHART FOR 1900 AT THE VALLEY STATION. 

X = 71''T'80"w. * = 42=U'0"w. II = 60 ft., or 16 m. h, = 8 ft., or 1.8 m. h, = 1 ft., or O.S m. 



Air Tm 






Jllilll «"!!•■ 



January . . . 
February . , 

March 

April 

May 

July 

August . . . . 
Septenib<:r . 
October . . . 
Kovember . . 
Becember . . 

Tear 

1889-1900 . 
Departures . 



88.7 
43.2 
67.6 
66.8 
79.1 
84.4 
81.8 
76.4 
64.0 
61.7 



16.6 

22.8 
34.0 
41.4 
63.6 

68.4 



46.4 
82.3 



27.9 
26.1 
33.0 
46.7 
63.8 
66.3 
71.4 
69.5 
62.6 
64.7 
42.0 



48.6 

47.7 
+ 0.8 



20.9 
+ 1.3 



DM.. Mis. D.!.. Buwr. 



26, VIII 

VII,'98 



II, '98 



PKdpi. 



7.37 
4.94 
2.20 
6.30 
2.61 
2.83 
1.68 
4.42 
4.10 
6.48 
2.67 



46.97 
+ 1.92 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 



TABLE X. 
8UHHART OF VISIBILITY OF OBJECTS IN DIFFERENT AZIMUTHS FOR 1900. 



MODtfa. 




Number of ti 


.,.™.„ 




NnmbcT animfa iliiUe u 


.,...| 


i 


If 




= 




1 


Si 


II 


|| 


ii 
II 


li 


1. 




Is 


Jauuary 





8 


a 


1 








3 


12 


8 


3 





6 


6 


IS 


February 





6 


2 








1 


6 


10 


6 


2 


1 


6 


7 


20 


March 


2 


9 


3 


2 





4 


5 


13 


10 


8 


1 


8 


V2 


25 


April 


3 


12 


10 


4 





7 


11 


19 


14 


10 


2 


12 


11 


22 


May 


2 


7 


3 


2 





5 


4 


11 


8 


5 


1 


10 


8 


19 


June 


2 


5 


3 


1 


1 


8 


6 


13 


9 





1 


9 


9 


20 


July 


2 


8 


6 


1 





6 


4 


19 


10 


4 





11 


8 


26 


August 





6 


1 





1 


4 


3 


17 


10 


1 


4 


11 


8 


25 


September 





3 


1 








2 


6 


12 


8 


1 


1 


7 


8 


22 


October 


1 


6 


2 


1 


y 


1 


4 


lu 


7 


2 





6 


« 


15 


November 


1 


7 


3 








3 


4 


14 


6 


3 





8 


7 


22 


December 





6 


1 








1 


1 


11 


8 








8 


3 


22 


Year 


IS 


81 


88 


12 


2 


36 


65 


161 


103 


39 


11 


100 


93 


256 



N.B. — In the daytime the objects obaerred are towen or similiar Mructuree; In th« evening the two lighti on 
ThUcher'i Island and the light on Minot's Ledge are observed, the two former being Bied while ligbtt of the flnt 
order, and the latter a Haihiag white light of the second order. 

The dittancei from Bine Hill, the azimuths from true south, and the approiimatc heights of the tops of these 
objec-ts above the sea are as followi ; Fall Hirer chimneys, 3S.5 miles, 1°, 250 feel; Attleboro' Standpipo, 20.5 miles, 
26°, 300 feet; Marlboro' Standpipe, 24.6 miles, US", T35 feet; Lawrence Standpipe, 84.5 milei, 174°, 417 feet; 
Thatcher's Island Light Towen, 40 miles, 223°, 1G3 feet; Minot's Ledge Light, 18.5 miles, 261°, 84 feet; Standish 
Monnraent, 26 miles, 302°, 300 feet. The sea horizon is distant 34 miles. 
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GENERAL SUMMABY FOR THE LUSTRUM 1896-1900. 



TABLE XI. 
GENERAL SUMMARY FOR THE LUSTRUM 1896-1900. 



January . 
February . 
March . . 

Maj . . 

July . . 
August . 
September 
October . 
November 
December 

Year . . 



'ofIIaiir>Wlndw 



492 1134 1623 1657 1610 



Milcn Mnrtf 






Jairaar; . 
February . 
March . . 
April . . 
May . . 
June . . 
July . . 
August 
September 
October . 
November 
December 

Year . . 



141.2 
138.6 
170.4 
216.3 
219.2 
25S.6 
258.1 
241.3 
207.8 
151.3 
121.9 
142.4 



17.1 
17.9 
17.2 
15.9 



11.6 
13.9 
15.1 
16.6 
16.2 



27 


BE 


21, '97 


28 


SE 


25,'00 


3(1 


8 


le/oo 


23 


NK 


28,-98 


22 


8 


13,'97 


21 


W 


28,'00 


25 


8 


14,'97 


18 


W 


17,'98 


25 


8W 


12,'00 


22 


NW 


17,'00 


26 


t, 


27,'98 


27 


8E 


5,'98 



N.B. — True wind Telocities are recorded which lU-e abont 18 per cent, loi 
anemometer with the factor 3. The maximum velodty is for an interval of five 



r than those recorded \iy a Robinson 
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BLUE HILL METEORQLOUICAL OBSERVATIONS. 



TABLE XI. 
GENERAL SUMMAET FOR THE LUSTRUM 1896-1900. 



X=n<'6'58"w. *=42"12'44"h. 

a aUndud (fr»Tlty of L»t. »', - 



<r 196.1 m. 

M mm., bu not btca ippUed bi 







.r™.Wr 


t.dl„g.,w 


iihwep 


" 


«ct«llo 


8s.r..b.t 


ue not reduced t. 


». I...1. 










Month. 




Air Ten 


,.«.re 






Man Co 


""'" 






..... 


'■■- 




Inche.. 


Mm. 


InohM. 


Mm. 


D«^. 


InchM 


Mm. 


TMe. 


Frfir. 


Cent. 


F.hr. 


Cen,. 




January . . . 


29.322 


744.8 


30.09 


764.3 


2,'99 


28.23 


717.0 


28,'97 


21J 


-iJ 


26.1 


-3:s 




February . . 


29.251 


743.0 


30.02 


762.6 


28,'0O 


27.9f 


710.2 


1,'98 


22.9 


-6.1 


26.3 


-3.21 




March 


29.293 


744.0 


30.13 


765.3 


1,'97 


28.20 


716.3 


19,'99 


29.7 


-1.8 


82.6 


0.31 




April 


29.814 


744.6 


29.98 


760.2 


13,'97 


28.73 


729.7 


7,'00 


42.f 


5.9 


43.3 


6.3 i 




M«y 


29.290 


744.0 


29.72 


754.9 


7,'96 


28.62 


726.9 


3,'00 


54.1 


12.3 


53.1 


11.71 




Jiin. 


29.281 


748.7 


29.68 


753.9 


26,'96 


28.78 


731.{ 


25,'98 


62.6 


17.0 


62.2 


16.8; 




J«iy 


29.813 


744.6 


29.78 


756.4 


12,'98 


28.82 


732.( 


8,'00 


68.6 


20.3 


67.8 


19.91 




Angnst . . . 


29.324 


744.8 


29.66 


763.4 


29,'99 


28.94 


735.1 


11,'97 


66.4 


19.1 


66.2 


19.0 




September . 


29.374 


746.1 


29.79 


756.7 


16,'99 


28.64 


-27.5 


12,'00 


69.4 


16.2 


69.2 


15.1 i 




October . . . 


29.432 


747.6 


29.97 


761.2 


8,'97 


28.77 


730.8 


22,'98 


48.7 


9.3 


50.1 


10.1 ! 




November , 


29.334 


745.1 


30.09 


764.3 


23,'96 


28.26 


717.8 


9,'00 


37.e 


3.1 


89.9 


4.4i 




December . , 


29.327 


744.9 


30.15 


765.8 


27,'96 


28.19 


716.0 


5,'00 


26.5 


-3.1 


29.4 


-1.4 




Yeer 


29.321 


744.7 


30.16 


765.8 


Dec. 
27,'96 


27.96 


710.2 


Feb. 
1,'98 


45.1 


7.2 


46.2 


7.9, 




Moath. 


v.„,p,»..... 


R.U.iy.HmBUiw. 


CInudlnen. '. 




..... 


8P... 


H«n. 


..... 


.,... 


m™. 


..... 


gp... 


"-1 




i..b. 


«„. 


Inch. 


M.. 


..* 


Mm. 


PM«m. 


Perceul. 


P.,„m. 


.-... 


.-,.. 


O-iO.; 




January . . . 


.102 


2.59 


.110 


2.79 


.106 


2.69 


73.3 


69.6 


69.2 


5.7 


6.2 


5.5 




February . . 


.107 


2.72 


.112 


2.86 


.109 


2.77 


74.6 


68.2 


69.5 


5.9 


6.2 


5.5 




Marob .... 


.133 


3.38 


.136 


3.45 


.134 


3.40 


73.4 


68.9 


69.6 


6.0 


6.0 


5.5 




April 


.188 


4.77 


.189 


4.80 


.188 


4.77 


66.5 


65.4 


63.3 


4.8 


4.5 


4.6 




M.y 


.308 


7.82 


.308 


7.82 


.308 


7.82 


71.9 


74.7 


71.2 


6.2 


6.1 


6.11 




June 


.439 


11.15 


.435 


11.05 


.437 


11.10 


77.0 


77.4 


75.4 


5.6 


6.8 


5.7; 




Mj 


.572 


14.53 


.658 


14.17 


.565 


14.35 


81.6 


82.5 


79.2 


6.6 


6.7 


5.6 




August . . . 


.548 


13.92 


.641 


13.74 


.544 


13.82 


83.8 


83.5 


80.2 


6.6 


4.9 


5.2 




September . 


.428 


10.87 


.435 


11.05 


.431 


10.95 


82,0 


83.5 


79.6 


5.0 


4.6 


4.8 




October . . . 


.300 


7.62 


.311 


7.90 


.306 


7.75 


83.1 


81.2 


79.3 


5.9 


6.1 


6.6 




November . 


.196 


4.98 


.201 


6.11 


.198 


5.03 


80.0 


76.5 


75.3 


6.2 


5.6 


6.9 




December.. 


.126 


3.20 


.127 


3.23 


.126 


3.20 


76.3 


69.7 


70.6 


5.6 


5.0 


6.2 




Tear 


.287 


7.29 


.288 


7.33 


.287 


7.30 


76.9 


75.0 


73.6 


5.7 


5.2 


6.4 
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ANNUAL SUMMABY. 

TABLE XI. 

GBNERAI, SUMMARY FOR THE LUSTRUM 189S-1900. 

or 1.8 ni., in luniiiier, uid 16 ft., or ■ 



MoWk 




A„T, 


„,™. 




1 


tn u Hour*. 


UruiMix. 


Mcu MIn. 


Me.n 


it- 


MMim 




„.m.. 1 


F*. 


Ctat. 


F.hr. 


cent. 


».b. 


Cut. 


F.lir. 


Cenl. 


F.lir 


C.U 


D«t. 


F.l.r. 


CM. 


DMe. 


January . . . 


2W 


-4.1 


38.3 


OJ 


17.4 


-8.1 


25^3 


-3.7 


57 


is'o 


5.'97 


-14 


-26.6 


6,-96 


February . . 


26.0 


-3.3 


33.9 


1.1 


19.2 


-7.1 


26.6 


-3.1 


66 


13.3 


13,'00 


-16 


-26.7 


17,'96 


March .... 


32.2 


0.1 


41.6 


5.8 


25.1 


-3.8 


83.3 


0.7 


63 


17.2 


10,'98 


1 


-17.2 


1,'97 


April 


44.0 


6.7 


64.7 


12.6 


35.4 


1.9 


46.0 


7.2 


87 


30.6 


16,'96 


18 


- 7.8 


4,'98 


May 


64.7 


12.6 


66.6 


18.7 


45.6 


7.6 


66.5 


13.1 


93 


33.9 


10,'98 


28 


- 2.2 


ll.'OO 


June 


68.3 


17.4 


74.0 


23.8 


64.4 


12.4 


64.2 


17.9 


91 


32.8 


6,'99 


42 


6.6 


2,'97 


Jniy 


69.2 


20.7 


79.0 


26.1 


61.0 


16.1 


70.0 


21.1 


97 


36.1 


3,'98 


60 


10.0 


l.'OO 


August ... 


67.4 


19.7 


77.3 


25.2 


60.0 


16.6 


68.6 


20.3 


96 


36.6 


26,'00 


48 


8.9 


4,*00 


September . 


60.6 


16.9 


70.9 


21.6 


52.8 


11.6 


61.8 


16.6 


92 


33.3 


6,'00 


33 


0.6 


28,'97 


October . . . 


60.8 


10.4 


69.4 


16.2 


43.7 


6.6 


51.5 


10.8 


86 


30.0 


16,'97 


27 


- 2.8 


20, '00 


November . 


40.1 


4.6 


48.1 


8.9 


33.2 


0.7 


40.6 


4.8 


72 


22.2 


2,'00 


7 


-13.9 


24,'97 


December.. 


■29.2 


-1.6 


36.7 


2.6 


22.7 


-6.2 


29.7 


-1.3 


62 


16.7 


12.'99 


- 6 


-20.6 


14,'98 


Year 


46.8 


8.2 


66.2 


18.4 


39.2 


4.0 


47.7 


8.7 


97 


36.1 


July 
3,'98 


-16 


-26.7 


Feb. 
17,'96 










K.m^,.r 


D.j.»llh 


>30 


KodUu 


ToUl MoBthlr. 


U»i>.m° D.llr. 


m* 


<!)¥■ 


* 


















>.01 


>1.0 


XJ.I 


A 


r^ 


^ 


<l™r. 


Uloudj, 
















Incbe.. 


Hm. 


IDC|».. 


Mm. 


VmU. 


Inch. 


Mm. 


Inch. 














January . . . 


4.13 


104.9 


2.18 


65.4 


28,'97 


10 


7 


6 








6 


8 


11 


3 


February . . 


4.68 


118.9 


2.42 


61.6 


21,'98 


11 


10 


6 








6 


8 


12 


3 


March .... 


4.64 


116.3 


1.96 


49.6 


16,'OU 


13 


11 


8 








9 


8 


14 


4 


April 


2.81 


71.4 


2.51 


63.7 


24,'98 


11 


10 


1 





1 


6 


9 


9 


1 


M«y 


3.69 


91.2 


2.26 


67.1 


3,'00 


12 


10 








3 


7 


6 


13 


1 


June 


3.24 


82.3 


1.67 


40.0 


22,'0O 


10 


8 








3 


6 


6 


11 





July 


4.61 


117.1 


3.14 


79.8 


13,'98 


12 


9 








5 


7 


6 


10 





August . . . 


3.68 


90.9 


1.92 


48.8 


24,'97 


10 


8 








5 


7 


4 


9 





September . 


6.46 


138.7 


4.67 


116.1 


20,'99 


9 


8 








8 


8 


9 


10 





October . . . 


3.80 


96.5 


2.17 


66.1 


13,'96 


10 


8 











9 


7 


14 


1 


Nevember . 


6.11 


129.8 


1.92 


48.8 


27,'98 


13 


11 


4 





1 


8 


6 


14 


3 


December.. 


2.62 


64.0 


1.21 


30.7 


14,'97 


9 


6 


8 








6 


7 


11 


2 


Year 


48.07 


1221.0 


4.67 


116.1 


Sept. 
20,'99 


130 


106 


28 


1 


21 


82 


80 


138 


18 



-> recorded which ue mbont 18 per <xtkt. lower than thuie recordin) by • RoUneon 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 



TABLE XII. 
GENERAL SXJMMARY FOR THE LUSTRUM 1896-1900 AT THE BASE STATION. 
= TIT 10" w. ^ = 42° 13' 30" K. H = 210ft., or64in. h, = Gft.or 1.8 m. h, = 1ft., or 0.3 m. 



AirTfm 



in icgnet Fi 



in Inch. 



Janaary 

February . . 
March . . . . 

April 

May 

June 

July 

August . . . . 
September , 
October . , , 
November . , 
December . . 

Year 



43.0 
66.2 
66.5 
7S.9 

78.8 
77.2 
70.9 



16.1 
15.4 



46.1 
56.3 
64.5 
70.5 
68.6 
62.0 
52.4 
41.6 



6,'97 
13,'00 
13,'98 
16,'96 
15,'00 
l,'S9 



16.4 
16.6 
14.6 



N.B. — Under "Umuelted Snow," .00 indicatcB 



3.02 
3.52 
3.06 
4.50 
3.61 
5.20 
3.71 
5.00 
2.61 



a 0.1 inch, uid adot (.) abs«DC« of si 



TABLE XIII. 

GENERAL SUMMARY FOR THE LUSTRUM 1896-1900 AT THE VALLEY STATION. 

Tl'T'Ww. = 43''H'O"N. H = 50 ft., or 16 m. h, = 6 ft., or 1.8 m. hr=lft.,or( 



Ir Teniperaturp, tu d«fEr?vii FKlirvnbcit 



January . . 
February . 
March .... 
April .... 

May 

June 

July 

August . . . 
September 
October . . 
November . 
December . 

Year 



35.1 
36.1 
43.8 
66.7 
67.4 
76.5 



16.8 
17.2 
25.8 
34.5 
44.2 
53.2 
59.8 
67.6 
49.3 
40.8 
80.7 
20.4 



34.5 
45.6 



61.3 
51.2 
40.6 
29.6 



18.0 
17.5 
22.2 
23.2 
23.2 
22.3 
22.7 
24.1 
20.9 
19.7 
18.2 



6,'97 
1S,'00 
13,'98 
16,'96 
10,'96 

6,'99 

3,'98 
26,'00 

6,'00 
16,'97 

2,'00 
12'99 



11/00 
5,'00 
1,'99 
9,'99 
28,'97 
31, '97 
24,'97 



5.13 
4.37 



3.84 
5.18 

2.48 



i8.4 37.6 47.9 20.9 98 VII,'98 



Digitized by 



Google 



PHENOMENA SHOWING ADViNCE OF THE SEASONS FOR 15 YEARS, 1886-1900. 



TABLE XIV. 
PHENOMENA SHOWING ADVANCE OF THE SEASONS FOlt IS YEARS, lMSB-1900. 



y™r. 


Pund> Thawed. 


Spring. 


KrK.' 


Bla»on>.. 


B1uel>crr!d> 


Fir-t Fr."1 


First S.IC.W. 


Pond«Froif. 1 


Ponkwog. 


Ilocwir. 


PdiiI(.|>oK. 


winXk. 


1886 


_ 


Mar. 27 


Apr. 3 


Maj 3 


Apr. 26 


June 19 


Sepl. 21 


Not. 13 


Nov. 28 


Dec. 5 


1887 


Miir.24 


Apr. 10 


Apr. 19 


— 


May 6 


June 19 


Sept. 17 


Nov. 16 


Nov. 27 


Dec. 1 


1888 


Mu. 29 


Apr. 9 


May 2 


Ma, 3 


May 14 


July 6 


Sepl. 7 


Oct. 9 


Nov. 22 


Dec. 15 


1889 


Mm. 12 


Mar. 12 


Mm. 31 


Apr. 23 


Apr. 28 


June 20 


Sept. 23 


Dec. 3 


Dec. 5 


Dec. 16 


1890 


M.r. 12 


Mar. 12 


Apr. 6 


May 12 


May 2 


June 27 


Sept. 26 


Dec. 3 


Nov. 27 


Dec. 2 


1891 


M.r. 13 


Mar. 22 


Apr. 25 


May 1« 


Apr. 27 


June 23 


Oct. 2 


Oct. 23 


Vtc. 1 


Dec. 18 


1892 


Apr. 2 


Apr. 3 


Mar. 23 


Apr. 27 


May 4 


June 26 


Sept. 21 


Nov. 5 


Doc. 3 


Dec. 6 


1893 


Apr. 1 


Apr. 1 


Apr. 20 


Apr. 26 


May 10 


June 28 


Sept. 3 


Dec. 3 


Dec. 4 


Dec. 4 


1804 


Mu-. 12 


Mar. 12 


Apr. 13 


May 16 


Apr. 28 


Jane 12 


Sept. 25 


Nov. 5 


Nov. 13 


Nov. 30 


1895 


Mu-. 27 


Apr. 5 


Apr. 16 


May 17 


May 4 


June 22 


Aug. 22 


Nov. 2 


Dec. 7 


Dec. 7 


1896 


Apr. 2 


Apr. 2 


Apr. 22 


May 13 


May 2 


June 20 


Sept. 2 


Nov. 13 


Dec. 4 


Dec. 4 


1897 


Mar. 23 


Mar. 24 


Apr. 28 


Apr. 29 


Apr. 30 


June 24 


Sept. 22 


Nov. 12 


Nov. 24 


Nov. 24 


1898 


M.r. 14 


Mar. 15 


May 8 


May 10 


Ma, 3 


July 5 


Oct. 7 


Nov. 25 


Nov. 26 


Nov. 29 


1899 


Mar. 31 


Apr. 7 


Apr. 17 


May 4 


Apr. 30 


June 14 


Sept. 16 


Nov. 11 


Nov. 27 


Dec. 10 


1900 


Mar. 20 


Mar. 21 


Mar. 31 


May 29 


May 2 


June 22 


Sept. 19 


Nov. 9 


Nov. 17 


Dec. 11 


Mnn 


Har. 22 


MU-.27 


Apr. 15 


May 8 


May 2 


June 23 


Sepl. 17 


Nor. 12 


Nov. 28 


Dec. 6 


'86-00 























N. B. — Ponkmpog ia & ■hallow pond about two nuWs Bouth of the Oburvatorr, and Hooaicwhieick is a deeper but 
■mailer pood about one mile «outheact of the ObserrUoTj. The last and the first sDowfall refer to a meaBiirable qtirmtiiy 
of mow (0.01 inch melted). The flret and the la^t frost were the flrtt and the last obserred at the Vallej Station, 
whether light or severe. The cherry blossoms were obierved at the Base Station, and the blueberries on the hill near 
the Observatory. 
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APPENDIX A. 



A STUDY OF THE VISIBILITY OF DISTANT OBJECTS DURJNQ THE 

LUSTRUM, 1896-1900. 

Bt Abthub E. Swebixahd. 

Owing to the elevated position of the Blue Hill Observatory a fine opportunity 
is presented for studying the transparency of the atmosphere by noting some well 
defined object« rising above the horizon that can be seen in every direction. The 
objects chosen for the study were towers and tall chimneys, of which the direction 
and distance from the Observatory, and the height above sea-level are as 
follows : — 





AilnMh id Degnt* 
frouBoDtli. 


DMMKt In HU« 




-.'asi-* 


Fall RiTer Chimneys 


1 




86.6 




260 


Attleboro' Stuidpipe 


26 




20.6 




800 


Uulboro' 


118 




26.0 




786 


Lawrence « 


174 




84.6 




417 


Thatcher's Lights 


223 




40.0 




163 


Minofs Light 


251 




18.6 




84 


Standiah Monniuent 


302 




26.0 




800 



The Fall River Chimneys are a collection of factory chimneys situated in the city' 
of Fall lUver. The Attleboro' Standpipe is a tall black tower, situated on a hill 
near the town. Marlboro' Standpipe is a black tank, supported upon trestle work 
75 feet above the ground; Lawrence Standpipe is a red brick tower on a hill 
in the city of Lawrence. Thatcher's Island Lights are two gray stone towers on 
Thatcher's Island, at the extreme end of Cape Apn. Minot's Light, situated on 
Minot's Ledge, off the coast of Cohasset, has only the lantern and a small part 
of the tower visible over high land. Standish Monument is a gray stone tower 
surmounted by a statue of 'Captain Myles Standish and is situated on a hill in 
Duxbury. These objects are all outlined against the sky, which serves as a very 
good background for observing them. No observations are made of Minot's light 
in the daytime. 
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VISIBILITY OF DISTANT OBJECTS DURING THE LUSTRUM. 1896-1900. 



85 



So far as possible, the objecta were chosen with relation to the cardinal points of 
the compass. Chelmsford Lookout, a tower on Eobins' Hill in Chelmsford, was used 
from 1896 to 1897, but owing to the poor background (a hill instead of the sky) 
observations of this point were discontinued on December 31, 1897, and Marlboro' 
and Lawrence Standpipes were substituted. Marlboro' is nearer west of Blue Hill 
thaa Chelmsford, and Lawrence is nearer north. The objects are so situated that 
they may be divided into two zones. The first embraces the objects distant between 
20 and 30 miles and includes AtUeboro', Marlboro', Minot's Light, and Standish 
Monument. These lie approximately east and west of Blue Hill, with the exception 
of Attleboro', which is southwest. The three other objects, distant between 30 and 
40 miles, are Fall River, Lawrence, and Thatcher's Island. These three lie approx- 
imately north and south of Blue Hill. The observations were begun in 1896 and 
have been taken daily at 8 a.m. and 2 p.m., except that the observation of Minot's 
light is made at 8 p.m. Thatcher's Island lights are also observed at 8 p.m. 
Unfortunately there are no lighthouses on the west, north, and south, so that the 
visibility at night cannot be determined except towards the east. 

Table XV shows the total number of times that each object W4i8 visible to the 
naked eye during the five years, 1896-1900, with the exception of I^awrence and 
Marlboro', which are for the three years, 1898-1900. 



TABLE XV. 
NUMBER OF DAYS VISIBLR, 1896-1900. 



it 



> i I ii 

n u 



Janoftry . 
Febmaiy 
M&rch . 
April . . 
May . . 
June . . 
July . . 
Angait . 
September 
October . 
November 
December 

Total . . 



Hb 


109 


63 


116 


44 


100 


41 


109 


44 


117 


36 


110 


47 


111 



428 108 30 18 224 348 



312 132 61 540 624 1302 
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OO ■ BLUE HILL METEOKOLOGICAL OBSERVATIONS. 

The month of greatest visibility is April. The months when the objects are least 
frequently seen are February and December, but as the small total in February is 
probably due to the short month, the month of least visibility is December. After 
the clear month of April the visibility decreases very suddenly in May and, with the 
exception of slight increases in June, September, and November, the visibility dimin- 
ishes slowly from April until December. From December until April it is increasing, 
with the exception of February, which, if it were not for the small number of days, 
would probably show the same gradual increase. The explanation is that during the 
winter the ground is usually covered with snow, which prevents the dust from rising, 
and the rain and snow in falhng gradually clear the atmosphere from the dust 
which has been carried up by the winds of summer and autumn. Thus during the 
winter the atmosphere is being gradually cleared, and since April occurs just at the 
end of winter, it is the month with most transparent atmosphere. 

Table XVI shows the percentage of frequency, obtained by dividing the number 
of days each object was observed at the given hour by the total number of days in 
the five years for the respective month. 

It appears that for the five years, at 8 a.m., Fall River was visible 4 per 
cent, of the time Attieboro' 23, Marlboro' 10, Lawrence 3, Thatcher's Lights 

TABLE XVI. 
PEKCENTAGE OF DAYS VISIBLE, 1896-1900. 





















8..-. 


..... 


... 1 


Monlt. 


!l 


If 


K: 


ii 


h 


L 


II 
23 


< 


si 


1 


h 


i 


pa 


is 


JanuAiy 
February 
AUrch 
April . 
May . 
June . 
July . 
August 
Septembe 
October 
Novembe 
Decembe 


r 
















1 

1 

8 
10 
5 
7 
2 
3 
5 
i 
7 
2 


23 
22 
32 
35 
23 
29 
22 
18 
21 
19 
23 
15 


8 
7 
13 
20 
11 
18 
13 
6 
7 
8 
8 
2 


3 

3 
11 
5 
2 
4 

1 
2 






2 
2 





8 

6 
22 
22 
14 
18 
11 

8 
13 

8 
11 

6 


16 
18 
23 
33 
12 
16 
15 
17 
22 
21 
21 
16 


41 
36 
54 
68 
44 
63 
46 
42 
48 
39 
46 
36 


87 
20 
38 
38 
20 
30 
37 
26 
28 
28 
27 
23 


16 
9 


2 
3 


23 
23 
40 
41 
31 
38 
32 
28 
34 
21 
23 
21 


27 
26 
42 
42 
28 
28 
28 
28 
31 
24 
26 
19 


70 
71 
70 
77 
70 
73 
75 
71 
74 
59 
70 
76 


Mean. . 
















4.6 


23.5 


lO.O 


2.6 


0.7 


12.3 


19.2 


46.0 


29.3 


12.1 


8.8 


29.6 


28.6 


71.2 



The percentages for Lawrence and Marlboro' are corrected Ui Sve yearn. 
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VISIBILITY OF DISTANT OBJECTS DURING THE LUSTBUM, 1896-1900. 87 

only 1, and Standisb Monument 12 per cent, of the time. At 2 p.m. Fall River 
was visible 19, Attleboro' 45, Marlboro' 29, Lawrence 12, Thatcher's Lights 3 and 
Standish Monument 30 per cent, of the time. At 8 p.m. the fixed lights on 
Thatcher's Island were visible 29 and the flashing light on Minot'a Ledge 71 
per cent, of the time, — the former, though more than twice as far away, being 
nearly twice as powerful and placed almost twice as high as the latter. It was found 
that at 2 p.m. the mean percentage of visibility of all the objects is 14 per cent, 
greater than at 8 A.M. Within the 20-30 mile zone at leaat one of the objects 
named is always visible at 8 a.m. on some day of the month. December, 1899, 
was an exception. At 2 p.m. at least one of the objects is likewise visible on some 
day of the month. In the district bounded by 30-40 miles all the objects are 
frequently invisible at 8 a.m. during a month, the months when they are least 
likely to be seen being February, December, January, and JiUy. At 2 p.m. there 
is no month when some one of the objects in this zone is not visible. 

The relation to the mean departures of the barometric pressure from normal 
each month was then determined by the following plan. Each month for the five 
years the plus or minus departures from normal pressure, with the direction from 
Blue HiU of the region in which they occurred, were noted and then the plus or 
minus departures of the visibility of the objects were determined from the five- 
year means for that month. With the pressure above normal it was found that 
for all months the objects were most frequently visible when the pressure was 
high in the west and least frequently viable when the pressure was high in the 
north and northeast. As regards pressure below normal the visibility was greatest 
when the pressure was low in the southwest, and great when the pressure was 
low in the east and northeast, but was leaat when the low pressure was located 
south of the hill. 

The next investigation was the relation of visibility to the high and low pressure 
centres shown on the daily weather map. The squares of five degrees formed by the 
lines of latitude and longitude between the 60th and 90th meridians and between 
the 30th and 50th parallels were numbered, and on every day from 1896 to 
,1900, at 8 A.M., when there was a centre of high or low pressure in any one of 
these five-degree squares the objects visible at 2 p.m. were tabulated under the 
respective five-degree square occupied by the highest or the lowest pressure. It 
was thought advisable to take 2 p.m., instead of 8 a.m., because the sun is 
then more nearly vertical and the illumination in every direction is nearly the 
same. It was decided to use the four objects which were most nearly in line with 
the cardinal points, these being Lawrence on the north, Standish on the south- 
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OO BLUB HILL METEOROLOGICAL OBSERVATIONS. 

east, Fall River on the south, and Marlboro' on the west. The obeervatioDS were 
separated into the fotir seasons, and percentages were obtained by dividing the 
number of observations in each five-degree square by the total number of high 
or low pressure areas respectively recorded in that square. From the mean per- 
centages of visibility for these four objects, tabulated imder the head of each square, 
it could be readily seen on which side of the highest or lowest pressure the clearest 
air prevailed. For the low pressure areas it was found that for all seasons ^e 
region of least visibility is in front of the centre of low pressure, in a triangular- 
shaped area with the base of the triangle near the centre of the low pressure 
and the apex some distance east of the centre. During the spring, summer, and 
autumn it is clear on the northeast edge of the storm area, and during the winter 
there is a clear region on the south-southeast edge of this area. Immediately 
following the passage of the centre of low pressure the atmosphere clears, and, in 
the rear, at a distance of about 400 miles west-southwest of the lowest pressure, 
the region of greatest visibility within the area of low pressure is encountered. 
The annual results are the same as for the seasons. For the high pressure the 
region of greatest visibility is about 700 miles east-northeast of the centre. In 
the winter it becomes hazy as soon as the high pressure centre has passed, but 
during the other seasons the change from clearness to haziness is more gradual. 
During the spring, summer, and autumn it becomes very hazy northwest of the 
high pressure centre, but the visibility diminishes less rapidly southwest of the 
centre. The yearly" summary is the reverse of that for low pressure, since the 
region of greatest \'isibility is triangular-shaped, with the apex at the high pressure 
centre and the base about 1,000 miles east of the centre. Giving all the squares 
equal weight, the visibility within the area of low pressure is 20 per cent., and 
within the area of high pressure 24 per cent., or nearly the same under the two 
conditions. 

The objects were then treated individually for both low and high pressures 
dining the five years. In the case of the low pressure. Fall Kiver is most fre- 
quently visible when west-southwest of the centre, and next when southeast of it. 
In the case of the high pressure the regions are reversed, the clearest region being 
about 700 miles east of the centre, with a slight secondary region of visibility south. 
Within the area of low pressiu^ Attleboro' is best seen southwest of the centre, 
and within the high pressure is best seen about 800 miles east of the centre. 
Marlboro' is seen when southwest of the low pressure and when about 700 miles 
east of the high pressure. The chances of seeing Lawrence in front of a low 
pressing are much smaller than for almost any other object, except ThatchM^s 
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Island lights. Immediately a£ter the low preBsure has paeeed and westerly winds 
prevail, it is seen, and usually is clearest when about 800 miles east of the high 
pressure. Thatcher's Lights are seen when they are about 900 or 1,000 miles north- 
east of a low pressure that causes east or northeast winds. Under these conditions 
the cirro-stratus cloud bank comes up from the southwest, obscuring the sun at 
the Observatory, but, as it is still shining on Thatcher's Lights, they stand out 
prominently. These lighthousea are also visible when the high pressure in the 
north causes northeast or east winds, which blow the smoke from the many chim- 
neys of Boston landwards and make the atmosphere over the ocean very clear. The 
lights may be seen when the high pressure in . the west causes northwest winds, 
but generally northwest winds are so heavily charged with smoke from the city 
that the objects are invisible except on Sundays. Standish Monument to the south- 
east of Blue Hill is seen most frequently in the low pressure when both are north- 
east or southeast of the centre, the highest percentage being southeast of the 
centre. In the high pressure, as for most of the other objects, Standish is seen 
best in front of the centre. 

The four objects — Fall Biver, Marlboro', Lawrence, and Standish Monument — 
were next treated with reference to the wind direction as recorded at the Observatory 
each day at 2 p.m. when any one was visible. The number of times that each wa« 
observed during the five years, 1896-1900, was determined for each of the eight 
wind directions, and then the percentage of frequency for each wind direction was 
obtained. The mean percentages for the four objects showed that with a northwest 
wind the objects were visible more than twice as often as with the next clearest 
wind, which was west. These two winds included the larger portion of the observar 
tions. For the remaining winds the visibility was nearly equally distributed, there 
being a slightly greater frequency of visibility with east and northeast winds and 
the least visibility with soutlieast winds. By getting the difference of the percentage 
of visibility for each object from the mean, it is found that Marlboro' is relatively 
more frequently seen with west and southwest vfinds than the other objects ; 
Lawrence, with northwest winds ; Standish Monument, with northeast and east 
winds ; and Fall Biver, with easterly winds, and also with southeast and south winds. 
In the two cases first named the winds were blowing from the objects towards 
Blue HiU; in the two last cases the winds were blowing across the line of sight, 
and in none of the cases was the wind blowing from Blue Hill towards the objects. 
The data show that the object is always most clearly visible when the wind is 
blowing from the object towards the observer. The only object that was invisible 
in any one wind during the five years was Lawrence, which was never seen with 



Digitized by 



Google 



90 BLUE HILL METEOROLOGICAL OBSERVATIONS. 

an east wind, because this wind blows the smoke from Boston in towards the land 
and thus hides the northern horizon. 

The last investigation was to see what effect the change of temperature has 
on visibility. For this purpose all days when Standish or Marlboro' was visible at 
2 P.M. were tabulated, and the temperature on the day of the observation and on 
the preceding and following days was compared with the normal temperature of 
those days, to ascertain if they were warmer or colder than usual. Standish 
Monument and Marlboro' Standpipe were chosen because they are nearly equally 
distant from the Observatory, and are more frequently visible than Pall River 
and Lawrence. The mean temperature departures on each of the three days for 
Standish Monument are as follows: day before — 0°.!, day of observation — 2° A, and 
day after — C.G. For Marlboro' Standpipe the differences are +0''.4 on the day 
before, —1°.9 on the day of the observation, and — 0''.2 on the day following. It 
will be seen from these figures that the mean temperature is below normal when 
Standish Monument is visible, and that the departure from normal is greater on 
the day of the observation than on the preceding and following day. For Marlboro' 
the mean temperature departures during the same period are the same as for 
Standish, except that on the day before the observation the temperature shows 
a plus departure, whereas Standish shows a minus one. Hence, it is evident that 
the condition of temperature under which the objecte are most likely to be seen 
is when the temperature is below normal. 
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A DISCUSSION OF THE TEMPERATURE DURING FIFTY YEARS AT 
MILTON, MASS. 

Br Arthur E. Swebtland. 

CoMMENCiNu January 1, 1849, and continuing until December 31, 1888, Mr. 
Charles Breck, of Milton Centre, observed a thermometer at sunrise and at 1 p.m. 
each day, without omitting a single observation. Throughout the greater part 
of the period he also made an obBervation of the thermometer near sunset. These 
observations were all taken with the same thermometer, having a Fahrenheit 
scale, which, in June, 1890, was compared with a standard thermometer loaned 
by Professor E. C. Rckering, and the differences were found not to exceed one 
degree. The thermometer was hung outside a north window of Mr. Breck's house 
about six feet above the ground, and remained in the same place throughout the 
entke period. The latitude of the station is 42°16' N. and the longitude 71°6'W., 
the height of the ground above sea-level bejng about sixty feet. The records 
cover a period of 40 years, and with the Blue Hill observations constitute a series 
of 52 years. For the purpose of comparison with other New England stations and 
also to agree with the form recommended by the International Meteorological 
Congress, the mean monthly temperatures in Table XXII are arranged in five- 
year groups, beginning with 1851 and continued through 1900. 

From a comparison of the observations made simultaneously at Milton Centre 
and at Blue Hill Observatory {3| miles southwest and 580 feet higher) during the 
four years, 1885 to 1888, Mr. Breck's means (obtained from the morning and 
noon observations) were reduced to the Blue Hill means (mean of maximum and 
minimum). The corrections in Fahrenheit degrees which it was necessary to sub- 
tract from Mr. Breck's observations are given in Table XVII. Applying the last 
correction in the lower Une to Mr. Breck's mean of the years 1851 to 1884, 
the mean temperature of the fifty years, 1851 to 1900, on Blue Hill, is found to 
be 45''.4. Separating the years into ten-year periods the mean temperature is 
found to rise steadily from 44°.l for the first ten years, to 47''.4 for the last ten 
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TABLE XVII. 

EXCESSES OF TEMPERATURE AT MILTON CENTRE OVER THAT AT BLIIE HILL. 



Due. 


... 


F.I. 


..„. 


Apr. 


w.r. 


June. 


Jdy. 


Aug. 


Sept. 


c. 


.... 


D«^. 


Yru. 


1885 




4.8 


5.9 


8.5 


2.8 


6.2 


2.9 


2.8 


8.7 


4.9 


8.8 


4.9 


4.2 


1888 


4.9 


3.8 


4.8 


4.7 


4.5 


4.2 


2.0 


2.2 


2.1 


8.2 


4.0 


4.5 


3.7 


1887 


5.0 


4.4 


5.0 


3.6 


3.1 


3.9 


4.7 


4.5 


3.8 


3.8 


8.9 


5.6 


4.8 


1888 


4.4 


4.3 


6.1 


4.2 


5.0 


4.4 


3.1 


2.7 


4.1 


6.8 


4.3 


5.0 


4.4 


>.„,. 


4.8 


4.3 


5.2 


4.0 


8.7 


4.4 


3.2 


8.0 


8.4 


4.4 


4.0 


5.0 


4.1 


Meu 


4.8 


4.8 


4.8 


4.3 


4.0 


3.7 


3.5 


3.0 


8.6 


4.0 


4.S 


4.7 


4.1 



years, a rise of 3°.3, or about one-tenth degree for each year. The greatest 
rise has occurred in the past ten years, this rise of 1°.7 being greater than the 
sum of all the previous ten-year difEerences. The warmest year was 1900 with a 
mean temperature of 48°. C, and the coldest 1868 with a mean temperature of 
42.''3. The mean annual temperatures when plotted show that in only one year 
during the first twenty-five was the mean annual temperature above the average 
for the fifty years, while during the remaining twenty-five years there were only 
four years when it was below this average. In 1877 the temperature rose 
much above the fifty-year average, and since then has continued above with the 
four exceptions mentioned. In looking for cases where the cold, years or the 
warm years tend to occur in groups, it is seen that the cold years are more apt to 
occiu- in a series than are the warm years, the warm year more frequently 
appearing in the curve as an isolated rise above the meaiT. 

The rise in temperatxu-e during the fifty years seems unusual, and, in seeking 
for an explanation, the mean annual temperatiures at a number of stations in New 
England that had records extending over thirty years or more were obtained, and 
the observations were smoothed by getting the means of each successive three 
years. The stations near the searcoast were New Haven, Ct., New Bedford, Milton, 
and Cambridge, Mass., and Belfast, Me. They all show a fall of temperature 
except Cambridge and Milton. The inland stations, Middletown, Ct,, Amherst, 
Mass., and Lunenburgh, Vt., show a rise. The rise in temperature at Cambridge 
and Milton is perhaps due to the growth of Boston, because the large amount of 
heat liberated from the chimneys of Boston may affect the thermometers in the 
suburbs. The rise of temperature in the interior towns cannot be explained in 
the same way, as Amherst, which had the lea^t increase in population for the 
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years 1880-1890 of any of the inland towns investigated, shows the gre(itest 
increase of temperature. Along the Connecticut River tiie temperature is slowly 
rising, and in general along the sea-coast the temperature is slowly falling. A 
comj)arison between the records at Milton and the records at Boston during the 
first thirty years of the United States Weather Service shows that while the 
mean temperature at both stiitions has been steadily rising, the rise at Milton jias 
been slightly greater. In seeking for the cause of this divergence some interesting 
facts were brought ont. As was stated, the records at Mr. Breck's house were 
tiiken with the same thermometer exposed in the same position tliroughout the 
forty years. The position of the Boston station was changed three times, and 
the method of calculating the mean temperature was altered. Table XVIII shows 
the mean temperatures and the differences in temperature between Milton and 
Boston for each year from 1871 until 1900 inclusive, the last twelve years at 
Milton being deduced friMn^the Blue Hill records. It appears that between the 
years 1875-1876, 1883-1884, and 1888-1889 abrupt changes in the differences of 
temperature between the two stations occurred. Upon investigation, it was found 
in the first two cases that the thermometer in Boston bad been moved to different 
buildings, and in the third case the change was coincident with an alteration in 
the method of calculating the mean temperature from the mean of three obser- 
vations daily to the method of calculating it from the mean of the daily maximum 
«nd minimum temperatures. 

TABLE XVin. 

MEAN TEMPERATURES AT MILTON AND BOSTON, AND THEIR DIFFERENCES. 



Y«r. 


«„».. 


B«„.. 


K^B. 


Y.„. 


MUun. 


B.,;™. 


M-B. 


Y.«. 


Mut.,'.;;' 


B«wm. 


M.-B. 


1871 


49.1 


48.9 


+ 0.2 


1881 


49.9 


48.6 


+ 1.4 


1891 


62.1 


60.4 


+ 1.7 


1872 


48.3 


48.6 


-0.2 


1882 


49.3 


48.1 


+ 1.2 


1892 


60.8 


49.4 


+ 1.4 


1873 


48.1 


48.3 


-0.2 


188S 


48.3 


47.6 


+ 0.7 


1893 


49.7 


47.9 


+ 1.8 


1874 


48.8 


48.7 


+ 0.1 


1884 


60.4 


48.3 


+ 2.1 


1894 


62.1 


60.3 


+ 1.8 


1876 


47.0 


46.2 


+ 0.8 


1886 


49.3 


47.2 


+ 2.1 


1896 


61.4 


49.8 


+ 1.6 


1876 


49.6 


47.S 


+ 2.8 


1886 


49.9 


48.1 


+ 1.8 


1896 


60.9 


49.2 


+ 1.7 


1877 


61.2 


49.2 


+ 2.0 


1887 


60,3 


48.2 


+ 2.1 


1897 


61.3 


49.9 


+ 1.4 


1878 


51.1 


49.2 


+ 1.9 


1888 


48.8 


46.8 


+ 2.0 


1898 


62.3 


60.8 


+ 1.5 


1879 


49.7 


47.8 


+ 1.9 


1889 


61.8 


60.7 


+ 1.1 


1899 


61.6 


60.2 


+ 1.4 


1880 


61.2 


49.4 


+ 1.8 


1890 


60.4 


49.1 


+ 1.3 


1900 


62.7 


60.8 


+ 1.9 



As Mr. Breck took his observations at sunrise and at 1 p.m., which are usually 
the coldest and the warmest times of day respectively, it was possible to construct 
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a table giving the maximum and the minimum temperature of each month. 
During the winter, on days with a southerly wind, or during the summer with 
an east wind, when the temperature was higher in the morning than at night, the 
morning observation was taken as the maximum, and the 1 p.m. or the evening 
observation was taken as the minimum. The maximum and minimum temperar 
tures between 1885 and 1888 thus derived were found to agree so closely with 
those at Blue Hill that no corrections were applied to Mr. Brock's previous obser- 
vations, as the error of a correction would probably exceed the difference in an 
individual case. Table XXIV shows that there are very few years when the 
maximum temperature does not reach 90° or above, for during 1849-1900 there 
were only six years when it was below 90°. Tliese years were 1860, 1862, 1869, 
1877, 1889, and 1897, and the mean temperature of each year, with the exception 
of 1877, 1889, and 1897, was below the normal of the fifty years. The years with 
the highest maxima were 1894 and 1898, when the temperature rose to 97°. The 
number of times in any month that the temperature rose to 90° or more during 
the period is as follows : — 



It is seen that during five months of the year the temperature rises to 90°, 
and although August is a warmer month than June, extremely high temperatures 
are not so frequent. The minimum temperature of the year usually falls to zero or 
below. The years that the minimum temperature was above zero, 1853, 1870, and 
1877, were wanner than the average of the fifty years. The number of times in 
any month when it fell to zero or lower during the fifty years follows : — 

Dw«nl»r. J»tiu»r)-. Fsbrunrr. Hin-b. 

25 33 36 10 

As shown in Table XXII, the coldest month on Blue Hill is January, with a 
mean temperature of 23°.0, and the warmest is July, with a mean temperature 
of 68°.4. The mean temperature of December is only 3°.6 lower than that of 
March, but December has more cases of zero temperature than March in the ratio 
of two and one-half to one. The temperature falls to freezing or below in all the 
months of the year except June, July, and August. The number of times when 
the temperature rose to 60° or above during the winter months and in March is 
greatest in March and least in January, as seen below : — 

De«Riber. JkddM7. Febnuu-)*. Uiircli. 

10 2 8 23 
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The highest temperature during the fifty-two years was 97", on July 20, 1894, 
and the lowest — 18°, on January 24, 1857, giving an extreme range of 115°. 

In Table XXIIT the yeare are separated into seasons, and on plotting the obser- 
vations, it is seen that there is the same general rise in temperature for each 
season throughout the fifty years that was observed in the mean annual tempera^ 
ture, although the rise is more marked for the winter than for the summer 
months. The mean temperatures of the winter vary more than do those of the 
other seasons. The cold winters have no tendency to occur together, nor have 
the warm winters, except during 1854-57, when the winters were somewhat colder 
than usual, and during 1861-64 and 1869-71, when there was a series of warm 
winters. A very marked two-year period that prevailed through the winter 
months of 1873-85 and covered most of the United States, was described by 
Mr. Clay1»n in the American Meteorological Journal for August, 1884, and April, 
1885. The coldest winter was in 1868 and the warmest in 1890. Warm spring 
months are apt to occur together, and likewise cold ones, but the frequency of the 
oscillations from warm to cold is not so great as for the winter months, a period 
of several years being necessary to change from the maximum to the minimmn of 
each period. Cold springs occurred in 1854-58, 1867-70, 1872-75, 1882-85, and 
1890-93. A short warm period extended from 1851-54, and a longer one from 
1876-81. The coldest and wannest springs were in 1857 and 1894, respectively. 
The temperature for the summer months has the secular rise mentioned at the 
beginning of the discussion, but it is smaller than for any of the other seasons. 
During the fifty years there were three series of cool summers, the first between 
1857-63, the second between 1866-69, and the last between 1888-91. The warm 
summers do not appear in groups except for the short periods, 1894-96, and 
1898-1900, but were mostly of one or two years' duration, when the temperature 
rose considerably above the average for that season. The coldest summers were in 
1862 and 1869, and the warmest was in 1899. The autumn months were similar 
to the spring ones in showing the grouping effect. The cold periods were in 
1856-59 and 1887-90, and the warm periods in 1853-55 and 1894-1900. The 
coldest autumn was in 1868 and the warmest in 1900. 

The next step was to try grouping the seasons in various combinations to find 
if one season was followed by a season of the same character or of an opposite 
character. Table XIX shows how many times during the fifty years, with various 
combinations of seasons, the different seasons were warm or cold. To obtain this 
the fifty years were divided into periods of ten years each, and the departures 
of the individual years from the mean temperatures of each ten years were 
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found. The reason that the years were divided into ten-year groups instead oi 
taking the mean of the entire fifty years was on account of the gradual rise in 
t^nperature throughout the fifty years causing all the earlier years to be below 
the fifty-year average and all the later years to be above. Having the departures, 
in order to see if a warm or a cold winter foretold a warm or a cold spring or 
summer, or if a warm or a cold spring foretold a warm or a cold summer or 
autumn, or if any of the various combinations of the seasons ,tliat can be made 
could be used for forecasting the coming seasons, the seasons were so grouped, 
but in none of the cases was it possible to find any connection with the tempera- 
ture changes that followed. Taking the times when both seasons had the same 
»gn, whether + or — , it is seen in the table that the sum of the like signs is 
very nearly the same as the sum of the unlike signs, thus showing that the 
sequence is probably nothing more than chauce. 

TABLE XIX. 
SEQUENCE OF WARM AND COLD SEASONS. 



Suuni. 


BothKwons 


were «Jd. 


Llke.l»n.. 


Uolifc* oifcni. 




12 
10 

9 
10 

9 
12 


14 
14 
12 
12 
13 
14 


26 
24 
21 
22 
22 
26 


24 
26 
29 
28 
28 
24 






Summer 

AutumD 

Aotnmn 




Summer 


Autumn 



Another similar investigation was to asc^iain if a warm or a cold season was 
followed by the same or by the opposite twraperature departure during the next 
corresponding season. In Table XX are Aown the cases where the departure from 
the n(»«ial in one year is followed by l^e same or an opposite departure in the 
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next year. The + sign indicates a warm season, and the — sign a cold one. 
The figures show the number of times that the signs were the same or opposed. 

TABLE XX. 

seasonal sequence in successive years. 

Winter. Spbing. 

+ followed by + 7 timee. + followed by + 11 times. 

+ » « - 14 » + H « - 9 « 

- « « - 9 i. - « « - 16 « 

.. + 16 « - « « + 8 « 

SuuHEB. Autumn. 

+ followed by + 6 times. + foUowed by + 18 times. 



Grouping the like and the unlike signs of the four seasons it is seen below 
that the sum of the like signs is least for winter and summer, and greatest in 
spring and autumn, and vice versa for the unlike signs. 

winter. Spring. Smnmer. AutDmu. 

Like signs 16 27 22 24 

Unlike signs ... 29 17 23 20 

Converting the numbers into percentages gives the following distribution, in 
which the maximum percentages are italicised. 

winter. Sprinti. SaninKC. Adiudid. Ynr. 

Like signs 35 6i 49 55 50 

UnUke' signs ... 65 39 SI 46 50 

As is seen, the percentages vary for the different seasons, but for the year the 
percentage for both signs is 50 per cent, or chance. 

Table XXI gives the temperature during the times of sunspot maxima and 
minima. Here the groups of years in the middle of which occurred a maximum 
or a minimum of sunspots, as observed by Wolf and Wolfer, are placed at the 
left of the table under tlie headings " Sunspot Maximum " and " Sunspot Minimum." 
The mean annual temperature for the year corresponding to the maximum is 
placed under the word "Maximum," and the mean annual temperatures for the 
three years preceding and succeeding that year are extended on the left and 
right hand sides respectively, making seven years of temperature observations 
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TABLE XXI. 

ANNUAL TEMPEEATUBES AND 8UNSPOT MAXIMA AND MINIMA. 



Ywtof 
Sluupot Mu. 








Suupot 








1857-63 
1867-73 
1880-86 
1890-J6 


43.8 
43.7 
47.1 
46.3 


43.4 
42.3 
45.8 
47.9 


43.7 
44.1 

45.2 
46.7 


44.4 
46.2 
44.2 
45.6 


44.6 
45.0 
46.3 
48.0 


44.6 
44.2 
46.1 
47.2 


44.5 
44.0 
46.2 
46.8 


Msu 


45.2 


44.9 


44.9 


46.1 


46.0 


46.3 


46.3 


Y.M.<.f 
SoMpotMin. 








SUMPI* 








1868-69 
1864-70 
1875-81 
1886-02 


46.2 
44.9 
42.9 
46.2 


44.6 
44.9 
46.6 
46.1 


44.4 
44.6 
47.1 
44.4 


43.1 
48.7 
47.0 

47.7 


43.8 
42.3 
46.6 
46.3 


43.4 
44.1 
47.1 
47.9 


43.7 
46.2 
45.8 
46.7 


Mod 


44.7 


46.5 


45.2 


45.4 


44.6 


46.7 


46.6 


Differeaoe 


+ 0.6 


-0.6 


-0.3 


-0.8 


+ 1.6 


-0.4 


-0.3 



Dear the time of sunspot maximum. This method is followed for each one of 
the four smispot maximum periods which are iucluded in this series of obeerva- 
tions, and the years of sunspot minima are treated in the same manner. From 
the mean temperatures as arranged under this grouping are obtained the diffei^ 
ences between the maximum and rainimuin sunspot periods. As is seen from 
the table, the mean difference between the periods of sunspot maximum and 
minimum is zero, but the individual years vary slightly above or below zero. The 
only marked feature, which might perhaps be connected with the sunspots, is the 
higli average temperature of the year following t!ie sunspot maximum and the low 
average temperature of the year following the sunspot minimimij the difierence 
between these extremes being V.S. 
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TABLE XXII. 
MEAN TEMPERATURES CORRECTED TO AND AT BLUE HILL OBSERVATORY, 1861-1900. 



D«*. 


J.... 


m. 


Muvh. 


April. 


M.).. 


j.,„. 


Jul/. 


Aug. 


Sept. 


Oct. 


»... 


Dec. 


Yc. 


1851 


23.7 


26.1 


33.2 


41.7 


62.6 


65.4 


66.2 


64.6 


67.7 


49.6 


82.8 


19.7 


44.4 


1862 


17.8 


21.5 


29.1 


37.0 


66.3 


62.0 


69.6 


63.0 


61.1 


47.0 


85.0 


32.4 


44.2 


18&3 


23.6 


26.6 


81.7 


41.3 


62.5 


62.7 


66.4 


67.4 


59.9 


47.7 


39.0 


24.4 


46.2 


1854 


21.5 


20.7 


26.8 


39.4 


67.5 


62.3 


70.6 


66.0 


69.0 


49.7 


89.2 


22.3 


44.5 


1866 


25.8 


17.8 


28.8 


40.2 


50.9 


62.3 


69.8 


63.4 


68.8 


49.4 


38.2 


28.2 


44.4 


Me«i> 


22.6 


22.3 


29.9 


39.9 


53.7 


62.9 


68.4 


64.7 


69.3 


48.7 


36.7 


26.4 


44.5 


1866 


15.0 


21.6 


23.7 


42.6 


60.5 


64.3 


70.9 


65.7 


69.9 


47.6 


34.8 


21.0 


43.1 


1867 


12.7 


30.2 


28.8 


36.1 


61.0 


60.2 


67.6 


66.3 


69.6 


46.3 


38.2 


29.6 


43.8 


1868 


27.1 


18.7 


27.4 


40.2 


49.5 


63.9 


66.9 


63.6 


67.6 


49.6 


32.0 


24.8 


43.4 


1869 


22.0 


25.6 


34.6 


89.0 


54.9 


60.6 


66.1 


64.9 


66.9 


48.1 


36.8 


20.8 


43.7 


I860 


23.7 


22.7 


33.4 


89.4 


51.4 


61.6 


66.3 


66.9 


66.4 


47.7 


39.7 


23.8 


44.4 


Me»ii 


20.1 


28.7 


29.6 


39.8 


51.4 


62.1 


67.3 


66.3 


67.8 


46.8 


36.3 


24.0 


43.7 


1861 


19.1 


29.1 


30.7 


40.3 


60.1 


61.7 


67.7 


63.9 


67.8 


60.8 


36.1 


28.4 


44.6 


1862 


21.3 


20.6 


29.9 


40.2 


64.3 


60.1 


66.2 


66.9 


69.4 


61.2 


39.0 


26.7 


44.6 


1863 


27.3 


24.3 


25.1 


40.2 


53.6 


68.5 


66.8 


69.0 


66.0 


49.1 


40.3 


23.6 


44.5 


1864 


28.6 


26.7 


31.9 


39.2 


63.8 


63.0 


68.2 


69.0 


56.1 


44.2 


87.4 


25.7 


44.9 


1865 


14.7 


24.0 


36.6 


46.6 


46.1 


64.8 


67.2 


66.7 


63.7 


46.2 


88.1 


27.9 


44.9 


Meim 


21.2 


24.9 


30.6 


41.1 


51.6 


61.6 


67.0 


66.9 


58.5 


48.1 


38.2 


26.4 


44.7 


1866 


19.3 


25.0 


29.1 


44.2 


50.9 


61.7 


70.7 


62.0 


59.2 


47.4 


30.5 


25.4 


44.6 


1867 


16.0 


29.8 


26.8 


42.3 


50.2 


62.7 


66.4 


67.0 


60.9 


47.4 


36.0 


20.0 


43.7 


1868 


19.7 


16.9 


30.4 


39.2 


48.5 


58.4 


69.4 


67.1 


57.1 


43.5 


34.2 


28.0 


42.3 


1869 


26.6 


26.7 


26.0 


42.2 


51.4 


60.7 


66.4 


64.1 


59.8 


46.0 


32.8 


26.6 


44.1 


1870 


29.8 


20.8 


26.4 


42.8 


52.3 


64.8 


68.8 


69.7 


60.3 


50.9 


39.3 


28.0 


46.2 


Mod 


22.3 


23.8 


27.7 


42.1 


50.6 


61.7 


68.1 


66.0 


59.4 


47.0 


36.4 


24.6 


44.2 


1871 


21.7 


24.0 


38.2 


43.8 


53.7 


61.9 


66.9 


68.3 


65.3 


60.7 


32.7 


28.6 


46.0 


1872 


23.4 


22.5 


21.7 


42.2 


56.4 


64.3 


70.4 


69.0 


59.0 


48.3 


36.4 


19.2 


44.2 


1873 


20.7 


21.7 


29.4 


40.7 


53.1 


63.3 


69.1 


65.1 


68.4 


49.2 


29.5 


28.2 


44.0 


1874 


27.1 


22.7 


81.8 


35.0 


58.0 


63.1 


68.5 


63.0 


59.6 


48.6 


36.8 


26.6 


44.7 


1875 


16.7 


18.8 


26.6 


38.4 


64.3 


63.5 


66.8 


67.7 


57.4 


47.8 


30.7 


26.3 


42.9 


Men 


21.9 


21.9 


29.6 


40.2 


53.9 


63.2 


68.3 


66.6 


67.9 


48.8 


33.0 


24.7 


44.2 


1876 


28.2 


26.5 


30.9 


41.4 


58.4 


66.8 


71.8 


67.9 


57.7 


44.0 


38.1 


19.8 


45.6 


1877 


20.2 


29.4 


32.9 


42.8 


64.0 


64.8 


68.2 


68.6 


61.4 


48.5 


41.4 


33.2 


47.1 


1878 


24.8 


27.0 


37.1 


46.9 


68.9 


62.6 


69.4 


66.1 


61.7 


52.6 


36.0 


26.7 


47.0 


1879 


19.9 


20.4 


30.7 


40.8 


58.6 


63.3 


67.6 


66.8 


58.2 


54.4 


86.9 


31.0 


45.6 


1880 


31.3 


28.2 


31.6 


43.8 


61.1 


66.2 


69.3 


67.4 


61.0 


48.5 


33.6 


23.1 


47.1 


Mean 


24.8 


26.1 


32.6 


43.1 


66.2 


64.7 


69.3 


67.1 


60.0 


49.6 


37.2 


26.7 


46.4 
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Dmt«, 


J«. 


Feb. 


M^.. 


April. 


M.J. 


jDDf. 


Jniir. 


A«K. 


Srpt. 


<^ 


Nov. 


De^, 


y™. 


1881 


17.6 


23.3 


83.1 


40.2 


64.9 


58.8 


66.4 


68.1 


64.0 


50.8 


38.7 


34.1 


45.8 


1882 


24.3 


26.2 


32.4 


39.6 


47.6 


64.1 


68.7 


67.1 


61.1 


52.0 


36.1 


24.6 


45.2 


1883 


19.3 


24.8 


26.0 


40.0 


63.8 


96.8 


68.4 


64.3 


57.4 


44.6 


40.3 


25.6 


44.2 


1884 


20.6 


29.7 


30.7 


40.9 


63.8 


64.8 


66.4 


67.3 


63.5 


50.0 


38.0 


29.4 


46.3 


1886 


24.3 


17.3 


23.9 


45.2 


62.6 


63.9 


70.6 


65.9 


57.8 


49.6 


41.0 


29.4 


46.1 


Mew 


22.4 


24.2 


29.2 


43.2 


60.6 


63.7 


68.1 


66.5 


60.8 


49.4 


36.6 


28.6 


46.3 


1886 


23.0 


23.8 


30.7 


46.8 


54.8 


61.7 


69.7 


66.3 


61.4 


60.0 


40.6 


26.5 


46.2 


1887 


21.7 


26.2 


28.2 


42.6 


59.1 


64.0 


72.3 


64.8 


67.0 


48.9 


38.9 


29.1 


46.1 


1888 


16.9 


25.4 


28.6 


40.4 


51.5 


64.6 


66.3 


67.5 


66.7 


43.8 


40.5 


80.8 


44.4 


1889 


31.7 


22.3 


34.7 


46.8 


68.4 


95.7 


67.1 


64.8 


60.4 


46.7 


41.4 


34.8 


47.7 


1890 


30.3 


80.3 


31.2 


44.1 


64.3 


61.8 


68.3 


66.4 


60.1 


47.5 


38.2 


23.4 


46.3 


Mwn 


24.7 


25.6 


30.7 


43.9 


65.6 


68.6 


68.7 


66.0 


69.1 


47.2 


39.9 


28.7 


46.1 


1891 


28.3 


29.9 


31.7 


46.1 


64.2 


62.8 


65.9 


68.0 


64.3 


48.8 


38.6 


37.7 


47.9 


1892 


26.0 


26.7 


30.1 


45.7 


53.5 


66.9 


70.3 


67.6 


60.4 


49.6 


38.1 


26.4 


46.7 


1893 


17.7 


23.9 


31.2 


42.2 


54.3 


63.4 


68.6 


67.9 


57.2 


62.6 


39.1 


28.7 


46.6 


1894 


27.6 


23.2 


39.6 


44.6 


56.3 


66.4 


72.4 


66.9 


63.9 


61.7 


36.1 


29.7 


48.0 


1896 


26.6 


21.1 


31.4 


44.0 


68.3 


66.0 


66.7 


69.0 


64.0 


46.6 


41.4 


32.8 


47.2 


Mam 


26.0 


24.8 


32.8 


44.6 


55.3 


65.1 


68.8 


67.7 


62.0 


49.8 


38.4 


31.1 


47.1 


1896 


21.7 


26.2 


28.9 


46.6 


58.3 


68.2 


69.5 


68.8 


59.8 


47.4 


44.6 


26.8 


46.8 


1897 


26.3 


27.6 


34.2 


46.4 


55.6 


60.0 


69.2 


66.8 


60.6 


52.0 


89.0 


30.6 


47.3 


1898 


26.5 


29.8 


40.7 


40.9 


54.0 


63.9 


69.7 


70.2 


64.4 


51.7 


89.6 


28.3 


48.2 


1899 


26.2 


22.6 


31.6 


45.9 


56.0 


67.8 


70.2 


67.4 


60.2 


61.7 


37.8 


32.7 


47.6 


1900 


27.8 


26.6 


31.2 


45.6 


53.5 


66.1 


71.3 


70.1 


64.2 


54.8 


42.2 


80.1 


48.6 


Mnn 


26.3 


26.6 


33.3 


45.1 


55.6 


64.2 


70.0 


68.7 


61.8 


61.5 


40.6 


29.7 


47.7 


1851--1 

1900 ; 


28.0 


24.4 


30.6 


42.3 


53.4 


63.3 


68.4 


66.6 


69.7 


48.7 


87.3 


27.0 


45.4 



H. B. — The mean tempentareE from 1851 to January, 1HS5, incliiBive, were those at Milton Contre, corrected to 
Blue Hill Obaeiratoiy by anbtncdng the ^mouthed difFerencee bctvecn theso place* which are given in Tabic XVII. 
Sabteqvently, the mean temperatarea were derived from the maxima and minima at Blue Hill Obaervatoty. 
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TABLE XXIII. 

MEAN SEASONAL TEMPERATURES CORRECTED TO AND AT BLUE HILL OBSERVATORY, 

1851-1900. 



Bum. 


Wlnl*r. 


Spring. 


a...„. 


A..™. 


DM. 


Wlnlfr. 


Sprint. 


s....„. 


Aotnioii. 


1851 


24.3 


42.6 


65.4 


46.6 


1876 


26.7 


41.9 


68.9 


46.7 


1862 


19.6 


40.4 


64.9 


47.8 


1877 


23.0 


43.2 


67.2 


60.4 


1853 


27.1 


41.8 


65.6 


49.0 


1878 


28.1 


45.9 


65.0 


60.1 


1854 


22.2 


41.2 


66.9 


49.3 


1879 


22.3 


43.3 


66.6 


49.8 


1856 


21.9 


89.9 


66.0 


48.8 


1880 


30.1 


46.4 


67.6 


47.7 


MeiD 


2S.0 


41.2 


66.3 


48.5 


Me>D 


26.0 


43.9 


66.8 


48.9 


1866 


21.6 


88.9 


67.0 


47.6 


1881 


21.8 


42.7 


64.4 


61.2 


1857 


21.8 


88.6 


64.4 


48.0 


1882 


28.2 


89.8 


66.6 


49.4 


1868 


26.1 


39.0 


64.4 


46.6 


1888 


22.7 


89.9 


66.6 


47.5 


1859 


24.1 


42.7 


63.9 


46.8 


1884 


25.2 


41.8 


66.1 


50.6 


1860 


22.4 


41.4 


64.9 


47.6 


1886 


23.7 


40.6 


66.8 


49.6 


Moi 


22.9 


40.1 


64.9 


47.0 


Heao 


24.2 


41.0 


66.1 


49.6 


1861 


24.0 


40.8 


64.4 


48.1 


1886 


25.4 


44.1 


66.9 


60.7 


1862 


23.4 


41.4 


63.7 


60.6 


1887 


24.3 


48.8 


67.0 


48.3 


1863 


26.1 


39.6 


64.8 


48.5 


1888 


28.8 


40.2 


66.1 


47.0 


1864 


24.6 


41.6 


66.7 


45.9 


1889 


28.3 


46.3 


65.9 


49.2 


1866 


21.4 


42.4 


66.3 


49.0 


1890 


31.8 


48.2 


65.6 


48.6 


Mean 


23.9 


41.1 


66.2 


48.4 


Meu 


26.7 


48.4 


66.1 


48.7 


1866 


24.0 


41.4 


64.8 


48.7 


1891 


27.2 


44.0 


65.6 


60.6 


1867 


23.7 


39.8 


65.1 


48.2 


1892 


29.8 


48.1 


68.3 


49.4 


1868 


18.8 


39.3 


65.0 


45.0 


1893 


22.6 


42.6 


66.6 


49.6 


1869 


26.4 


30.6 


63.7 


46.1 


1864 


26.6 


46.8 


68.2 


60.3 


1870 


25.7 


40.6 


67.8 


60.2 


1896 


26.4 


44.5 


67.2 


60.7 


Hun 


23.5 


40.2 


66.8 


47.6 


Mew 


26.3 


44.2 


67.2 


60.1 


1871 


24.6 


46.2 


66.7 


46.3 


1896 


26.9 


44.6 


67.2 


60.6 


1872 


23.1 


89.7 


67.9 


47.6 


1897 


26.6 


46.4 


65.2 


60.6 


1873 


20.6 


41.0 


66.8 


46.7 


1898 


28.6 


46.2 


67.9 


61.9 


1874 


26.0 


40.2 


64.9 


48.8 


1^99 


26.7 


44.6 


69.2 


49.9 


1876 


20.6 


39.7 


66.0 


46.2 


1900 


29.0 


44.6 


67.6 


63.7 


Mesn 


22.9 


41.2 


66.1 


46.6 


M«u 


27.8 


44.8 


67.4 


61.3 












1861-1900 


24.7 


42.1 


66.0 


48.7 



N. B. — Winter inclndea T>ecember of the preceding year, and the monthi of January and February of the current 
year; Hpring, March, April, and M«y; snroiner, June, July, aod August; aatuniD, September,, Oct<iber, and November. 
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TABLE XXIV. 

MAXIMUM AND MINIMUM TEMPERATURES AT MILTON CENTRE AND AT BLUE HILL 
. OBSERVATORT, 1849-1900. 





Ju 


i«y. 


FfbnwrT- 


Much. 


April. 


M.y. 


JUM. 




Mm. 


Min. 


Mu. 


UlD. 


Mu. 


Hill. 


Mu. 


Mln. 


M«. 


M... 


M«. 


Mln. 


1846 


58 


- 8 


40 


- 8 


58 


8 


66 


18 


82 


32 


96 


40 


1850 


46 


6 


62 


1 


56 


8 


76 


22 


76 


34 


94 


44 


1851 


52 


- 4 


54 


- 2 


76 


12 


68 


24 


82 


34 


92 


40 


1852 


42 


- 6 


54 


6 


68 


6 


62 


26 


90 


36 


94 


42 


1863 


50 


4 


62 


4 


60 


9 


76 


26 


84 


33 


94 


38 


1854 


54 


- 6 


60 


- 4 


68 


12 


74 


20 


80 


30 


86 


40 


1855 


66 


8 


44 


-14 


60 


10 


74 


16 


86 


38 


00 


44 


1856 


38 


- 8 


50 





50 


- 4 


72 


20 


90 


34 


93 


40 


1867 


42 


-18 


67 


- 2 


68 


2 


64 


14 


82 


32 


82 


46 


1868 


56 


2 


62 


1 


64 


- 2 


68 


24 


72 


84 


88 


46 


1869 


54 


-14 


48 


6 


68 


8 


64 


24 


88 


84 


92 


40 


1860 


52 





66 


- 8 


70 


20 


70 


16 


84 


86 


88 


46 


1861 


44 


-10 


68 


-18 


72 


2 


74 


16 


78 


28 


86 


46 


1862 


46 


4 


46 


6 


47 


12 


78 


20 


84 


34 


84 


44 


1863 


56 


6 


62 


-10 


54 


- 1 


74 


22 


92 


36 


88 


44 


1864 


52 


2 


50 


- 4 


56 


12 


64 


30 


88 


40 


94 


42 


1866 


44 





54 


2 


64 


16 


80 


26 


88 


42 


90 


46 


1866 


46 


-16 


64 





68 


10 


83 


26 


84 


34 


92 


42 


1867 


42 


- 6 


60 


4 


64 


12 


70 


22 


72 


32 


88 


42 


1868 


42 


4 


60 


-14 


60 





70 


20 


78 


34 


87 


46 


1869 


64 


6 


62 


11 


56 


2 


70 


24 


88 


36 


80 


46 


1870 


64 


12 


60 


1 


64 


8 


80 


30 


87 


38 


90 


51 


1871 


66 


- 6 


66 


- 7 


66 


24 


84 


28 


90 


36 


84 


50 


1872 


60 


4 


60 


2 


48 


- 3 


88 


SO 


82 


40 


92 


44 


1873 


64 


- 6 


46 


- 4 


68 


2 


64 


32 


87 


82 


89 


44 


1874 


67 


3 


66 





64 


8 


70 


17 


84 


86 


94 


60 


1876 


40 


- 2 


68 


- 4 


54 


6 


68 


22 


85 


36 


92 


44 


1876 


66 


7 


67 


- 4 


66 


8 


78 


26 


86 


36 


86 


44 


1877 


48 


2 


60 


14 


64 


10 


76 


28 


86 


83 


87 


52 


1878 


62 


- 6 


64 





68 


14 


76 


86 


85 


40 


90 


42 


1879 


66 





62 


6 


56 


14 


74 


22 


90 


40 


92 


46 


1880 


68 





66 


- 4 


64 


16 


72 


24 


94 


36 


93 


48 


1881 


48 


- 4 


66 . 


- 6 


50 


. 26 


78 


20 


90 


34 


84 


44 


1882 


52 


-12 


52 





60 


16 


72 


20 


82 


30 


92 


42 


1883 


48 





56 


4 


56 





70 


22 


88 


32 


91 


50 


1884 


48 


- 4 


60 


4 


62 


2 


72 


28 


88 


38 


92 


40 


1886 


69 


- 6 


49 


- 8 


65 


- 1 


79 


24 


82 


32 


89 


43 


1886 


61 


-15 


65 


-10 


69 


- 8 


79 


24 


82 


35 


81 


47 


1887 


62 


-11 


60 





60 


6 


79 


19 


87 


42 


90 


45 
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TABLE XXIV. 

MAXIMUM AND MINIMUM TEMFERATUHES AT MILTON CENTRE AND AT BLUE HUX 
OBSERVATORY, 11M9-1900. ■. 



July. 


AUBU". 


w» 


IZ~ 


Onober. 


1..,. 


.b,,. 


D- 


.1,,. 


... 1 


Mu. 


MlD. 


Mu. 


ML. 


»„. 


"'■■ 


M„. 


MID. 


Mu. 


Mln. 


Mu. 


Mlu. 


Mu. 


Uln. 


94 


44 


88 


62 


82 


41 


86 


31 


64 


28 


60 


6 


96 


_ 8 


87 


60 


86 


48 


84 


38 


72 


32 


62 


18 


60 





94 





88 


48 


86 


49 


86 


82 


75 


31 


60 


17 


50 


- 4 


92 


- 4 


94 


60 


86 


60 


84 


96 


70 


28 


62 


20 


68 


8 


94 


_ Q 


86 


62 


88 


60 


84 


34 


74 


26 


64 


18 


52 


4 


94 




92 


66 


84 


44 


88 


86 


76 


30 


68 


16 


46 





92 


_ Q 


92 


64 


84 


42 


86 


36 


75 


32 


68 


18 


64 


6 


92 


-14 


94 


62 


84 


48 


82 


44 


76 


28 


68 


20 


48 


- 6 


94 


- 8 


88 


64 


90 


60 


86 


34 


74 


26 


70 


12 


66 





90 


-18 


91 


62 


82 


46 


86 


36 


78 


31 


62 


10 


66 


8 


91 


_ 2 


86 


48 


86 


44 


80 


84 


76 


26 


72 


24 


62 


- 4 


92 


-14 


86 


48 


86 


60 


82 


34 


74 


28 


66 


16 


46 





88 


- 8 


92 


54 


88 


60 


80 


40 


76 


29 


62 


26 


58 


7 


92 


-18 


88 


60 


86 


48 


82 


44 


82 


28 


70 


22 


60 





88 




86 


62 


92 


48 


82 


34 


72 


24 


62 


20 


62 


6 


92 


-10 


90 


60 


95 


54 


80 


36 


70 


30 


66 


18 


60 


- 8 


95 


- 8 


86 


50 


90 


46 


88 


40 


72 


24 


70 


18 


60 





90 




94 


64 


80 


48 


84 


40 


74 


30 


68 


18 


66 


- 4 


94 


-16 


90 


66 


84 


46 


76 


36 


74 


SO 


66 


12 


48 


- 2 


90 


- 6 


94 


64 


86 


46 


84 


38 


72 


24 


64 


23 


46 


6 


94 


-14 


88 


62 


84 


50 


86 


40 


74 


22 


64 


20 


46 





88 




91 


66 


90 


52 


86 


40 


74 


29 


68 


28 


62 


8 


91 




86 


64 


86 


50 


80 


36 


74 


29 


62 


8 


64 





90 


- 7 


92 


66 


88 


54 


88 


46 


74 


31 


60 


16 


46 


- 4 


92 


- 4 


90 


66 


87 


54 


84 


40 


70 


28 


66 


16 


68 


8 


90 


- 6 


90 


66 


86 


46 


84 


42 


70 


32 


64 


18 


68 


. 


94 




84 


60 


86 


48 


84 


36 


74 


30 


62 





68 


- 6 


92 


- 6 


92 


52 


92 


62 


80 


46 


69 


24 


74 


22 


50 


2 


92 


- 4 


88 


68 


86 


58 


84 


42 


76 


28 


68 


26 


66 


18 


88 




92 


64 


84 


50 


88 


38 


78 


32 


60 


22 


50 


12 


92 


- 6 


9S 


50 


94 


50 


84 


34 


82 


24 


70 


10 


64 




94 




94 


64 


90 


40 


88 


40 


76 


24 


68 


12 


48 


- 6 


94 


- 6 


88 


52 


90 


56 


92 


48 


84 


28 


70 


14 


68 


10 


92 


- 6 


92 


64 


90 


60 


82 


46 


74 


38 


70 


16 


60 




92 


-12 


92 


56 


90 


42 


80 


38 


78 


24 


68 


18 


66 


-14 


92 


-14 


86 


56 


89 


60 


90 


40 


80 


32 


68 


20 


60 


-12 


92 


-12 


91 


48 


86 


43 


80 


33 


71 


29 


65 


19 


69 




91 


- 6 


91 


50 


88 


61 


82 


38 


77 


26 


63 


22 


61 




91 


-15 


91 


67 


83 


47 


77 


36 


72 


23 


66 


7 


66 




91 


-11 
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Juinuy. 


F.», 


u^ry. 


Much. 


April. _ 


M 


J. 


Jnn«. 




Hu. 


Min. 


M». 


Min. 


Uu. 


Mb. 


Mu. 


Min. 


Mu. 


Min. 


Mnn. 


Uin. 


1888 


66 


-11 


62 


- 7 


64 


8 


77 


17 


82 


81 


93 


47 


1889 


66 




45 


- 6 


61 


16 


76 


29 


89 


37 


88 


46 


1890 


62 




61 


1 


64 


- 1 


70 


21 


77 


36 


83 


48 


1891 


62 


11 


67 





61 


- I 


77 


23 


86 


29 


93 


41 


1892 


67 


- 2 


43 





68 


10 


76 


24 


79 


35 


91 


47 


1898 


63 


- 5 


48 


- 3 


54 


8 


67 


24 


84 


36 


89 


45 


1894 


64 


- 1 


47 


-11 


66 


15 


76 


16 


87 


37 


93 


42 


1896 


50 




44 


-10 


62 


11 


79 


23 


90 


S3 


91 


w 


1896 


41 


-14 


51 


-16 


60 


7 


87 


21 


93 


37 


87 


46 


1897 


67 


- I 


48 


9 


65 


1 


78 


18 


81 


36 


83 


42 


1898 


51 


- 5 


53 


- 1 


68 


22 


71 


18 


81 


87 


88 


46 


1899 


53 


- 7 


49 


-10 


69 


11 


80 


24 


87 


37 


91 


49 


1900 


56 




56 


- 8 


65 


3 


77 


22 


93 


28 


90 


43 


Extreme 


66 


-18 


67 


-18 


76 


- 4 


87 


14 


94 


28 


96 


88 


Ye.r 


1876 


1867 


1867 


1861 


1861 


1866 


1896 


1867 


1880 


1900 


1849 


1853 



N. B. — Thi' eilreme KniprnitureB from 1849 to Jannary, ISfl.i, ini'luBivc, were those observed it fixed hoan at 
Milton Centre: gnbsequentl;, the temperature* were obtained from maximom and mimmum thertnamet«rB at Bine Hill 
Obserratory. 
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Addendum. — In March, 1902, the thermometer used by Mr. Breck came into 
posseBsion of the Blue Hill Observatory, and a comparison with the standard ther- 
mometer gave these results: — 



Staniiard 

HickB 5°.0 

Breck'B 

Huddleaton , . 6°. 7 



S2M 



72°.0 91>=.0 



73=.2 



The extreme temperatures at Milton Centre were not corrected, because of a 
probable increase in the error of t!ie thermometer during the period of observar 
tion. This thermometer was enclosed in a perforated wooden case, which necessarily 
rendered its action sluggish. Therefore it may be assumed that in Table XXIV 
the minimum temperatures are about one degree above the true minimum tem- 
peratures at Milton Centre for most of the years prior to 1885, and that the 
maximum temperatures in this portion of the Table are somewhat below the true 
maximum temperatures in that locality. 
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ADDITIONAL EREATA IN THE BLUE HILL OBSERVATIONS. 1890-98. 

Vol. XXX, Part II, p. 113, Febraary, lowest temperature, should be 1. 

Vol. XXX, Part II, p. 193, beading Hourly Wind Movement, omit Hourly. 

Vol. XXX, Part II, p. 195, heading Hourly Precipitation, omit Hourly. 

Vol. XL, Part I, p. 15, June, mlQimum temperature, 42°F., S^.eC,, should be 41°F., 

5°.0C. 
Vol. XL, Part II, p. 85, October, minimum tem|)erature, 32°F., 0°.0C., on 31 should 

be SOT., —IMC, on 25. 
Vol. XL, Part III, |>. 11)8, eigbteeutb line from top, maximum should read minimum. 
Vol. XL, Part IV, p. 227, December 29, minimum teni|>erature, 3 should be 3. 
Vol. XL, Pait V, p. 362, May, 8 a.m., 5.2 should be 5.7. 
Vol. XL, Part V, p. 366, pressure for year in mm, 744.3 should be 744.5. 
Vol. XUI, Part II, p. 153, July, mean of max. and min. temperature, 68°. 8 should be 

69°. 2. 
Vol. XLII, Part II, p. 179, Special Phenomena, first line, Feb. 16 should be Feb. 1. 
Vol. XLII, Part II, p. 181, unmelted snow at Base Station in April, should be 6; 

Year, 80 should be 86; Departures, + 18 should be +24. 



END OF VOLOHE XUII, FABT U. 
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INTRODUCTION. 



The present publication contains the regular observations made during the 
years 1901 and 1902, a discussion by the writer of the audibility as affected by 
weather conditions, baaed on observations during 1901, the observations obtained 
with the kite-meteorograph during the years 1897 to 1902, and a description by 
Mr. Fergusson of the kites and infltruments. 

The Maintenance and Personnel. — All the expenses of the Observatory continue 
to be paid by the undersigned, except the cost of publishing the investigations and 
observations in these Annals which, latterly, has been borne entirely by the Harvard 
College Observatory. There has been no change in the staff : the imdersigned 
directs the work; Mr. H. H. Clayton is the meteorologist; Mr. S. P. Fergusson has 
■ charge of the instruments, and Mr. A. E. Sweetland attended generally to the obser- 
vations. During the months of January and February, 1902, Mr. Otto Knopp, 
formerly assistant at the Aeronautical Observatory of the Royal Prussian Meteoro- 
logical Institute, was employed in the construction of kites and accessories. Mr. O. W. 
Pickard conducted privately the investigations mentioned hereafter, in which he was 
aided by Mr. J. P. Fox. Mr. L. A. Wells at various times assisted in the regular 
observations. 

Since the above was in type, the director is obliged to chronicle the first death 
that haa occurred in his staff, namely,- that of Mr. Sweetland, which occurred 
May 8, 1903, at his home, where he had been confined by illness for two months. 
Mr. Sweetiand, who was thirty years of age, had been connected with the Obser^ 
vatory since 1896, and had previously been interested in meteorological questions, 
especially cloud formations. A discussion of this subject, as well as other investi- 
gations by him, have appeared in these Annals. Mr. Sweetiand was a conscien- 
tious and accurate observer, always devoted to the interests of the Observatory, 
and the director desires to record the great loss sustained by himself and his 
assistants in the imtimely death of their youngest associate. 

The, Enl<^gement of the Observatory. — This was begun in May, 1902, and by 
the end of the year was nearly completed. The chief object was to proxide a fire- 
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proof room for the library and storage for the kites, and, therefore, a two-etory 
stone building, with a floor space of 28 X 15 feet, was erected upon the site of the 
wooden shed at the westerly side of the Observatory. No wood enters into the 
construction of the new building, except in the roof, but the ceUings of each room 
are tile arches of cohesive construction. A brick waU, with fire-doors, separates 
this building from the older part of the Observatory. The storage-room for kites, 
in the lower story, has a maximum height of ten feet and a capacity for six large 
kites ; the library above is fitted with steel shelving, having a total length of 440 
feet, which will contain about 5000 volumes and the records of the Observatory 
during many years. In the comers of the interior frieze are placed copies of eight 
bas-reliefs on the Horologium of Andronikos Kyrrhestes at Athens, representing the 
allegorical figures of the winds. A much-needed bathroom has been provided, and 
in a two-story extension of the old buUding to the south are two new bedrooms, one 
of the former chambers being converted into a study for the director, the adjacent 
one -thrown into the hall and the workshop removed to the lower chamber. The 
new rooms, and most of the older portion of the Observatory, are heated by hot 
water circulating through radiators from a boiler in the basement. The approach 
to the tower was enlarged and the whole roof covered with copper in place of tin, 
which required frequent painting. The total cost of these additions and alterations, ■ 
amounting to about |7,000, is paid by the tmdersigned. 

The Stations, InstruTnmts and Observatiom. — The three stations have been 
maintained as during previous years, but with the commencement of the century 
it seems advisable to describe them again. The primary station is the Observatory 
on the summit of Great Blue Hill, where direct readings of the barometer and 
thermometers are made at 9 a.m. (imtil June, 1901, at 8 a.m.), 2 and 8 p.m. The 
precipitation and extreme temperatures are read at the last-named hour when tiie 
meteorological day ends and the sheets of the seU-recording instruments aie changed. 
Observations of the level and position of the clouds, with meaaurements of their 
direction of motion and relative velocity are made, whenever possible, at the first 
two hoiirs named, while the prevailing kind and amount of cloud are noted each hour 
during the daytime. The times of beginning and ending of precipitation, thunder 
and lightning, optical phenomena, etc.,'are recorded, so far as possible, and the degree 
of visibility of mountains to the westward is observed twice a day. Continuous 
automatic records are maintained of the following elements: atmospheric pressure 
(on daily, weekly, and monthly sheets), air-temperature and relative humidity, wind- 
direction and velocity (distance travelled and rate), precipitation, bright sunshine 
(daily and weekly records), and cloudiness at night in the vicinity of the pole star. 
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The two secondary stations are atuated below the Observatory and north-north- 
west of it : one at the base of Qreat Blue Hill, at the residence of Mr. Clayton ; 
and the other, which is managed by Mrs. H. M. Dean, in the Neponset Valley. In 
May, 1902, the latter station was removed from the land of the Metropolitan Park, 
on the bank of the Neponset River, to a new site, about a quarter of a mile west- 
northwest, but less than ten feet higher. In July, 1902, a recording Robinson 
anemometer was placed on the roof of Mr. Dean's house. There are thermographs 
at both stations, but a recording rain-gauge is maintained only at the Base Station. 
Daily record sheets are used on the rain-gauge and on the thermograph in the valley, 
and weekly sheets on the other instrumente. Hygrometric records are now obtained 
at the Valley Station only when kite-flights are made. Direct readings of the maxi- 
mum and minimum thermometers are made also at these stations at 8 p.m., and the 
precipitation is measured at the end of the storm. At all the stations the automatic 
records are controlled by the direct readings of the standard instruments. A 
summary of the observations is sent each month to the United States Weather 
Bureau for publication in the Bulletin of the New England Climate and Crop 
Service and in the Monthly Weather Review. The original records are occasionally 
introduced as evidence in the courts. 

The Investigations. — Besides maintaining the routine observations and automatic 
records at the three stations, several investigations have been undertaken, chief 
of which is the exploration of the air with kites. The observations obtained witii 
the kites, from the commencement of these observations in August, 1894, until 
February, 1897, together with the corresponding observations at tlie ground, a 
discussion of them and a description of the apparatus employed, were published in 
Volume XLII, Part I, Appendix B, of these Annals. A discussion of the results 
obtained from some later kite-flights, with a description of the newer apparatus, 
appeared in Bulletins Nos. 1 and 2, 1898, Nos. 1 and 3, 1899, and No. 1, 1900. The 
Appendices to the present publication contain the kite-observations, with the simul- 
taneous ground-observations, from March, 1897, to the close of the year 1902, and 
a description of the apparatus now in use. A discussion ol these observations is 
reserved for subsequent publication. During 1901 records were obtained from the 
kite-meteorograph in ten flights, the average of the highest points attained in each 
of these flights being 2400 metres, or 7870 feet, above sea level ; and the greatest 
height being 3825 metres, or 12,550 feet, on March 7. Beginning with December, 
1901, kite-flights, in cooperation with similar ascents 6f kites and balloons in Europe, 
were attempted every month upon a certiun day that was appointed by the Inter- 
national Committee for Scientific Aeronautics, of which the writer is the American 
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member. During 1902 thirteen flighta were made, of which ten were upon the 
international days specified. In two of the flights the upper kites, with the 
meteorograph, broke away and were lost in the ocean, but it is probable that 
the height attained during the flight of October 7 exceeded 5000 metres, or 
16,400 feet. The average height of the flights from which records were obtained 
is 2420 metres, or 7940 feet, this being little more than during the preceding 
year; but the maximum height of 4286 metres, or 14,060 feet, on February 6, 
is considerably greater. 

The reason that flights were not made on all the international days was lack of 
wind at the ground, a velocity of at least six metres per second being required. 
To ascertain how often there is not such a wind for an interval of twenty minutes, 
between the hoiu*s of 8 a.u. and 8 p.m., the records of the anemometer were 
examined an3 twenty-nine days were found during 1901, there being none in 
February, and a maximum of eight in August. During 1902 there were forty- 
four such days, of which none occurred in March and the maximum of ten in 
September. Assuming that sixteen metres per second is the greatest velocity in 
which kites can be launched safely, it was found that in the two years mentioned 
there wEiB no gale in which the wind did not fall below this velocity for a period 
of twenty minutes between the hours specified. The obstacle is, therefore, too 
little wind; and if it were desired to fly kites every day, or with certainty on any 
pre-detennined day, duplicate kites and apparatus should be installed on board a 
st«am-vessel, which, by steaming in Massachusetts Bay, could create an artificial 
wind to raise the kites. The practicability of this was demonstrated by the writer 
and his assistants on August 22, 1901, when, in nearly calm weather, with the 
wind too light, both on Blue Hill and at searlevel, to lift the kites, they were 
easily flown from a tug-boat cruising in Massachusetts Bay, and bore the meteoro- 
graph to a height of half a mile. To determine whether kites could be flown 
from a steamship pursuing its regular course, Mr. Sweetiand and the writer made 
the voyage from Boston to Liverpool between August 28 and September 5, 1901, 
and although nearly calm weather prevailed, the eastward motion of the vessel 
at the rate of eight metres per second, made it posdble to fly the kites, with the 
attached meteorograph, on five of the eight days occupied by the voyage; and, 
had it been feasible to alter the course of the vessel, so as to produce a favorable 
resultant wind, the kites might have been flown every day. These experiments 
supplied the observations which are given in Table XIV, and they are important, 
not only because they furnished probably the first instrumental data at a consider- 
able altitude over the Atlantic Ocean, but also because they showed that, in this 
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way, observationB high above the sea might be obtained in all weather oondititms, 
severe gales only excepted, provided the steamer from which the kites are flown is 
so manoeuvred as to bring the wind to a suitable velocity. Perhaps the most useful 
appUcation of this method would be to an investigation of the meteorological con- 
ditions above the trade-winds and doldnims, a project that the writer proposed 
personally, and which received the approval of the International Aeronautical 
Congress, at Berlin in May, 1902. Details of the plan are |^ven in the Protc^oll 
tlber die dritte Yerstunmlung der Intemationalen Kommission fiir wissenschaftliche 
Luftschiffahrt and in the Washington Monthly Weather Review for July and 
September, 1902. 

Other investigations have been conducted during the past two years as follows : 
The audibility at Blue Hill, under various conditions of weather, of a fixed source 
of sound fdtuated in Hyde Park, about three miles north, was determined by obsei^ 
vations during 1901, and is discussed by the writer in the present publication. 
During the same year observations were begun to ascertain the effect of weather 
conditions upon the optical refraction of the lower atmospheric strata. For this 
purpose the apparent angular elevation, above a 650-foot plane, of Mount Wachu- 
sett, forty-four miles west-northwest and 2018 feet high, was measured at the 
hours of 8 or 9 a.h. and 2 p.m. At first a surveyor's transit waa employed, but 
after February 13 an engineer's precise level was loaned by the Massachusette 
Institute of Technology. It was found that Mount Wachusett was frequently 
obscured by haze, and, therefore, measurements of this point were abandoned at 
tlie close of 1901, and a nearer object which could be seen at night was substituted. 
The object selected was a lighthouse known as Boston light, lying fourteen miles 
northeast of the Observatory, about half of this distance being over the water of 
Boston Harbor. The angular depression of the lantern below the 650-foot plane 
was measured with the precise level three times a day, viz., at 9 a.m., 2 and 8 p.ic., 
whenever the tower was visible, the %ht serving as a sighting point in the evening. 
The results will probably be discussed later. 

Investigations upon the electrification of the air and the quantity of carbon 
dioxide contained in it were conducted at the Observatory by Mr. G. W. Pickard, 
who reported as follows: Commencing July 9, 1902, a number of electrometer 
measurements of atmospheric electrification were made, using a Kelvin portable 
electrometer with burning touch-paper for a collector. In all of these measurementa 
the electrometer was placed on the edge of the stone coping of the tower, the 
collector being about fifty centimetres above the coping, and in all cases oa the 
windward side of the tower. The probable error in any reading was found to be 
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less than ± 15 volte. With a single exception, the electrification was positive in 
sign with values ranging from + 56 to + 976 volts. So far as these measurements 
have been carried, they have shown two maxima of potential during the day, which 
are not always well-defined, and aometunes merge into one, occurring about noon 
or a little before, but, in the majority of cases, there is a steady fall of potential 
from 2 P.M. tiU late in the evening, when the electrification seems to reach a 
constant and low value. On the afternoon of August 2, readings were taken while 
a thundershower was passing over the Hill and a negative electrification of — 4500 
volts was read, while on the afternoon of September 20, with the top of the Hill 
in a stratus cloud, a positive potential of + 976 volts was found. Measurements 
of atmospheric potential were made, mostly during the afternoons, on 25 days 
during the year 1902. 

For the determination of carbon dioxide in the air, an apparatus similar to the 
one used by Professor Atwater in his calorimeter experiments was employed. The 
air was drawn through the apparatus by an aspirator, the volume being determined 
by measuring the amount of water drawn from the aspirator and correcting for 
atmospheric and vapor-pressure, carbon dioxide, etc. The air first passed through 
a U-tube filled with fragments of pumice saturated with sulphuric acid to absorb 
the water-vapor, then through a second U-tube filled with fragments of soda-lime to 
absorb the carbon dioxide ; and, finally, through a third tube, filled like the first 
with pumice, saturated with sulphuric acid, to absorb any moisture that might be 
taken up from the sodarlime by the current of air. The increase in weight of the 
second and third tubes gave directly the weight of the carbon dioxide in the air 
passed through the apparatus. A Troemmer analyticiil balance, sensitive to one 
twentieth of a milligram, was used to weigh the tubes, and, as ten or more litres 
of air could be drawn through for each test, a result accurate to one part in one 
thousand might be expected, but, up to the present time, only a few preliminary 
tests have been made with the apparatus. 

The Local Weather Forecasts. — Flags indicating precipitation and cold-waves 
were displayed on the tower of the Observatory as heretofore, according to the local 
forecasts for twenty-four hours of the United States Weather Bureau, revised at 
Blue Hill from the local indications. Information regarding the probable weather 
has also been given frequently by telephone to officials of neighboring towns, 
managers of railways and other companies, and to individuals; but this practice is 
discouraged, both on account of the interruption to the scientific work of the staff 
of the Observatory and because sufficient telegraphic data for the United States 
are not available here to enable forecasts to be made advantageously. 
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The IMyrary. — There were acquired by exchange, gift, or purchase — chiefly 
the former — 250 books and pamphlets relating directly or indirectly to meteorology 
in 1901, and the same number in 1902. This number does not include separate 
volumes of sets, or about thirty periodicals and registers of observations received 
monthly or oftener. The old library-room now contains about 2900 volumes of 
climatological and allied observations, unbound monthly parts being counted sep^- 
ately, but loose sheets coimted as if stitched together. In the new library-room 
are 660 books, 740 volumes of periodicals, 86 volumes of maps, and 3340 pamphlets, 
etc., in boxes. The local meteorological records are contained in 140 file-cases of 
record-sheets from the automatic instruments, placed in a -fire-proof vault, and in 
50 books of manuscript observations and clippings from newspapers, etc. Parcels 
sent by mail to the Observatory should be addressed Hyde Park, Massachusetts. 

A. LAWRENCE ROTCH. 

Bunt Hiu. HsTEoxoLooicAL Obsbbtatokt, 
Jfoy, ISOS. 



EXPLANATION OP TABLES I TO VHI. 

Tables I and V contain the observations made at the summit at 8 a.m. and 
8 P.M., arranged in the international form, as recommended by the International 
Congress of Vienna in 1873. The wind velocity, however, is given in metres 
per second, instead of its force on a scale of to 12 ; and some slight deviations 
from the Vienna scheme, which are found in the publications of the Prussian, 
Austrian, or Swiss meteorological bureaus, have been adopted here and in Tables' II 
and VII. Among these are the departures of the means and totals from the 
normals at the foot of the columns. Following the recommendation of the Paris 
Conference of 1896, distant thunder and lightning have been noted separately in the 
Remarks, and in Tables U and VI the days with thunderstorms include only storms in 
which both thunder and lightning were observed. Commencing with 1901 the atmos- 
pheric pressure, vapor-pressure and precipitation are expressed in millimetres, so that 
all the data now appear in metric units. Practical considerations have led to the 
retention of Fahrenheit degrees. The explanations preceding Table I apply equally 
to Table V. 

Tables II and VI contain summaries for the years, arranged also in the inter- 
national form, with the data expressed in both English and metric measures and 
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CentigTade degrees. Aa the barometer ia now resd in milUmetrea, the values of the 
atmospheric pressure in these units have been converted into inches, and not the 
inches into millimetres, as formerly. For the precipitation, however, the inches in 
which the original record is made have been converted into millimetres. The 
mean monthly values of atmospheric pressure, air-temperature, and relative humidity 
are not the simple means of the observations at 8 a.m., but have corrections which 
are determined from the departures of the means of these hours from the means 
of the twenty-four hours given in Part II of Vol. XXX. The clear, fair, and cloudy 
days are determined from the daily mean of the cloudiness each hour, from 7 a.m. 
to 8 P.H. When the mean cloudiness is between and 2 inclusive, the day is 
elear ; when between 3 and 7 inclusive, fair ; and when between 8 and 10 inclusive, 
cloudy. This method has been followed each year since 1891 ; previously the 
clear, fair, and cloudy days were obtained from the daily percentage of possible 
bright sunshine. The number of hours the wind blew from each of the eight points 
of the compass, which replace the *' niunber of times observed " in the international 
form, is removed from its place in Tables II and VI for convenience of printing. 
Under "Special Phenomena," appended to these tables, the first and last frosts 
are those, whether light or severe, noticed at the Valley Station ; the cherry blossoms 
were observed near the Base Station and the blueberries near the summit of the 
hill. The normals for the vapor pressure and for the number of days with gales 
of fifty or more miles per hour (true wind velocity) are computed only for the 
years subsequent to 1891. 

In the supplementary Tables EI and VI are given some additional data regarding 
sunfAiine and wind. The percentage of possible bright sunshine is determined from 
tiie average possible duration of sunshine in latitude 42°, thirty minutes each day 
being subtracted to allow for the time when the Sun, on account of its proximity 
to the horizon, does not affect Uie cards of the Campbell-Stokes instrument. The 
wind velocity has been mostiy obtained from the Richard anemo-cinemograph. 

Tables III and IV, and Tables VII and VIII contain the annual summaries of 
Ihe Base and Valley Stations. The data for these stations could not be published 
in the international form, because direct observations of temperature are made 
only at 8 p.m., and readings for 8 A.M. have not been obtained from the record- 
sheets. 
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TABLE I. 
OBSERVATIONS MADE TWICE DAILY 

IN 1901 

AT THE BLUE HILL METEOROLOGICAL OBSERVATORY. 

LoMGiTDDK 71* 6' 5S" w. Latitodb 42° 12' 44" ». 

Hkioht of Babomktkb abovb Mbah Tide, S40 Febt ob 195.1 Mbtbbs. 

N. B. — This Mid the ftriloiriiig Table are in the form recommeiided by the Internationa] 
Meteorological Congress ot Vienna jn 1873, with modificatioDS subsequently adopted. 

Maximum and minimum values are denoted by heavy-faced type, except fpr relative homldity 
in wliich only Hie minim* are so indicated. 

The barometer is corrected to 32°, but is not reduced to sea level nor to standard gravity. 

Maxiroum and minimum temperatures are for the preceding 24 hoon. 

Tbe Donnal vapor preseure ia for the years since 1891. 

In the cloudiness column the oconrrenoe, at the hour of observation, of rain, is indicated by *, 
snow or sleet by *, fog by — below the amount of cloud. 

Wind velocities, which are true velocities and are expressed in metres per second, are for 
the five minutes preoeding tbe hour named. 

Precipitation is tiie amount during the preceding 24 hours. Absence of precipitation is denoted 
by a dot (.), and amounts less than 0.2fi millimetre, or .01 inch, are recorded 0.0. 

The international symbola used in the Remarks, and in Table II, are : — 

9 Rain V FroMVOTk (Rough) fonnlng. T DiMaut Thunder. 

■^ Snoir. c^2 Ice CtMing (StnooUi) fonuiag oo Hue. 

▲ Hmll. -4* Drifting Snow. Solar Halo. 

/S Ble«t. 4— Floating Ice-Crrital*. d) Solu Corona. 

^ Fog. ..id' Oale. q7 Lodu- Halo. 

■^ Dew. X^ Thunder Storm. vjy Lnnar Corona. 

I I Hoar Froat. "i Digtuit Ligbtniiig. /■~\ Bainbow. 

gg Snrroniiding conntry more thu half nnder toow. .y-^. Aurora. 

The intensity of a phenomcDon is denoted by an exponent indicating slight ; 2, great, and 
an altsence of exponent, moderate intensity. 

In the Remarks tbe time of occurrence ia expressed in hours and tenths ; morning and afternoon 
are indicated by a and f, respectively ; midnight and noon by 12f and 12 k respectively, the hours 
being counted from to 12, commencing with midnight. The continuance of a phenomenon is 
indicated by a dash ( — ). 
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10 


6 


8 10 


w 7 


0.0 


31 


39.6 39.7 


77 72 


85 


68 


22.0 15.7 


92 78 


7 


10 


sw 3 


w 6 




MeMtt 


44.3 43.6 


69.2 69.1 


80.6 


62.6 


16.1 15.4 


83.4 84.5 


5.8 


6.0 


4.9 


6.2 


166.4 


'86-'01 


44.8 44.8 


67.7 67.0 


78.8 


60.8 


18.9 13.8 


80.1 80.8 


5.2 


6.2 


6.1 


6.1 


100.0 


DepBt. 


-0.6 -0.8 


+ 1.6 + 2.1 


+ 2.2 


+ 2.2 


+ 1.2 + 1.6 


+ 3.8 + 3.7 


+ 0.6 +0.8 


-0.2 


+ 0.1 


+ 66.4 








REMARKS. 












a. o 

6.6 r — 
1.0 a; 
-5.2? 

1.5 ?7- 
r, 6.8? 

a: 


o*A-p; TinBT 
6.4 p. 3, oo* 
OI.2?A — B.3?A 
A, 0.3a — 9.7a; 
a; =®?Ai CX 
-25?a; ©=7.0a 
P-8.8P. 10, 
i.2p — a.3p; = 
— 2.7?a; =a. 

l«, OO'A-. 


rl.8p — 2.3p; 1^5.2 
— p; Ting4.0p — * 
O°10.3a; ©11.6? 
r^°0.2A — 9.4a; 0° 
:j'a — p; ©7.7P — 

= a; OO'a — p. ' 
• P; ri3.4,-6.5p 
13, OOln»A-l 
17, T 11.8 A In w 


P-6.7p;0 
7 P. 6, 4' 

-. «, o 

10.4 a; ^p. 
2p. 8,© 
510.0 a — 0.3 

U, oo'A- 

©'8.8P— . 

16, oo 

, 0.2pininr; 


ril.lp — 2.7pi ©' 

r57.9p-«.;pi 0" 

IB, OO'A-p; ri 
21, OOA — p; rii 
1.5a; 0O,8?a — I. 
OO'A — P. 24, 
A — P. 26, ©6 
A-p. 38, ©9.3 
O.S?A — e.OA; r^i 
30, O'-'Al—A. 


1.4p — 3.2p; 
8.0 P — 8.2 P 
in sw 2 7 P — 
Hwe.2p — 1 
?a; V»ni 
OO'A. a 
3a — 7.3a; 
A — 0.6a; © 

.0? A— 8.0? A 
31, OOA 


^p. 18, o<^ 
r^inK9.2p — 10 
3.8p; @'>4.0p- 
) 7 P. 22, r5.C 
v- 8.1 P — 10.2 p—. 
, ©»1.3?A — 8.3 
OO'A-p. a 
°5.1p — 7.8P. 
i — A-P, ©'6 
®'8.6P — 6.7P. 


6p— . 
4.9 P. 
.5 a — 

as, 

iOC^ 

,oo' 

'AS 



by Google 



OBSERVATIONS MADE TWICE DAILY. 



AUGUST, 1901. 





Preuun. in 


Ah 


•-KSSKS'-^ 


F^un, in 


RelAtIre 
Humidity, m 


"jSo- 


Vliid:DlrKt]miind 
Vdoclly In mMn< 


Si'ln 


D.t.. 


mm. 


TUU* 








mm. 


PI[ «DI. 




perKcond. 


mm. 


i.,. 


P.M. 


A>. 


p... 


Mai. 


w^ 


AJ. P.M. 


A... P.». 


A.. P.«. 


A.M. P.M. 


P.M. 




S.«> 


BXW 


B.0O 


8.00 


SP.M. 


8P.>f. 


S.OO 8.00 


8.00 s!oo' 


8.00 8.00 


8.00 8.0O 




1 


40.3 


41.7 


68 


68 


80 


61 


13.1 18.1 


76 76 


2 4 


NW 6 HW 6 


0.0 


2 


41.0 


43.2 


66 


63 


77 


68 


11.4 12.7 


72 88 


2 8 


»W 3 8 6 






42.0 


42.1 


66 


70 


79 


60 


14.6 18.0 


96 87 


10" 8 


8W 9 B 6 


0.0 




42.7 


43.7 


68 


63 


74 


63 


17.4 12.2 


100 86 


10 2 


NE 8 NW 3 


5.6 




47.2 


40.6 


66 


64 


76 


69 


10.6 10.6 


66 71 


8 


If 7 SB 6 






92.3 


61.8 


«« 


6S 


71 


69 


12.2 1S.6 


76 96 


8 9 


NK 4 B 7 


0.0 




45.6 


44.2 


70 


68 


74 


61 


18.6 17.4 


100 98 


lO* 8 


8 12 8 9 


17.8 




46.6 


42.8 


67 


70 


82 


61 


13.1 16.1 


79 84 


1 4 


w 3 8 8 


0.0 




46.2 


47.3 


66 


64 


79 


61 


10.6 11.8 


66 79 


2 4 


KW 8 8 6 






46.1 


41.9 


67 


71 


81 


60 


16.8 17.4 


99 91 


10 7 


a 7 8 10 






4S.4 


46.8 


72 


74 


86 


69 


16.8 IS.l 


97 62 


6 4 


w 4 w 4 


1.0 




47.0 


47.0 


63 


60 


74 


60 


14.6 18.1 


100 100 


10 lO" 


» 6 » 4 


0.6 




48.0 


48.4 


66 


64 


76 


69 


14.6 14.6 


94 93 


6 2 


KB 2 8 6 


0.0 




48.3 


46.6 


63 


64 


76 


60 


14.6 14.1 


100 96 


10 6 


B 1 8 7 






46.1 


42.3 


64 


69 


72 


60 


16.1 18.0 


100 100 


10 10 


8 8 I 8 


0.0 




43.6 


44.7 


71 


72 


83 


66 


16.1 16.1 


78 76 


7 4 


w 6 w 7 


0.0 




46.7 


43.6 


69 


76 


89 


61 


12.7 21.3 


78 96 


7 10»° 


w 6 8W 6 


0.0 




44.8 


47.3 


67 


66 


76 


64 


13.6 10.2 


82 64 


10 8 


NB 9 8 6 


14.7 




60.0 


49.6 


69 


68 


74 


97 


12.2 11.8 


69 96 


6 10» 


B 3 B 6 


0.8 


20 


48.2 


47.0 


61 


66 


79 


67 


13.6 16.2 


100 100 


10 10 


i™ 2 « 4 


6.8 


21 


47.8 


48.4 


66 


66 


76 


64 


16.2 14.6 


100 91 


10 


s 3 B 4 


0.0 


22 


40.8 


60.6 


68 


66 


78 


62 


14.6 14.1 


100 92 


10 4 


■B 8 SB 6 




23 


61.0 


49.1 


68 


68 


79 


61 


14.6 17.4 


100 98 


10 9 


8 4 8 7 




24 


48.0 


46.6 


71 


71 


84 


67 


19.2 19.2 


100 100 


~ 10* 


8W 6 s 4 


1.6 


26 


46.6 


46.9 


67 


68 


74 


66 


19.2 16.2 


100 98 


10 9 


KW 6 SB 8 


29.9 


26 


46.6 


46.3 


66 


66 


73 


66 


16.2 13.6 


100 86 


10 


KB 2 SB 2 




27 


48.0 


49.1 


70 


66 


78 


61 


14.6 8.8 


79 9< 


1 3 


K 3 B 6 




28 


60.7 


60,7 


87 


63 


76 


68 


11.4 II.O 


69 77 


3 


KB 6 SB 6 




2» 


40.8 


47.3 


69 


64 


79 


61 


10.2 11.0 


66 72 





BW 4 s 8 




30 


46.9 


44.7 


68 


63 


79 


69 


11.8 18.6 


69 92 


2 2 


8 6 s 7 




31 


46.7 


46.6 


64 


68 


76 


69 


16.1 14.6 


100 100 


10 


8 8 B 7 




U«iu 


46.6 


46.2 


66.6 


66.2 


77.6 


61.8 


14.3 14.3 


86.9 87.2 


6.4 6.7 


4.6 6.8 


73.6 


'86-'01 


46.0 


44.7 


66.2 


66.8 


76.0 


69.2 


13.7 IS.6 


83.8 82.7 


6.6 4.7 


6.1 5.8 


101.6 


D,p«t. 


+ 1.6 


+ 1.6 


+ 1.4 +0.9 


+ 1.6 


+ 2.1 


+ 0.6 +0.7 


+ 3.1+4.6 


+ 0.8 +1.0 


-0.6 0.0 


-27.9 












REMARKS. 








1, @ 


°8.4a — 


6.6 a. 


s, e 


6.07 a — 8.0 A, 


9.4a — 9.9a; 


«-7,_p le 


, OO'A — Pi 


®=1.5p — 2.2P. 


17, 


00*A 


-P. 4 


— A,« 


>1.2p 


-6.4 P. e, @ 


2.0P — 2.3Pi 


OO'A- p; rilO.9 


— i ®=4.6p 


— 6.67P, B.Op— . 


18, 


©°E.7 


p — 5.8P 


; ©11-9 


p — . 


7, ©—6.07 a 


6.7 a — 6.9 a, 


@ — 8.7a; r^ — 2.0 


7Ai =Ai ^ 


8.6a — IBM. 1 


B.OC' 


7.0 a- 


8.4 A, 9.2a — 2.2 


p,2.»P 


— 8.7p; ^A 


^^inB6.7p 


Ai ©6.9P— . S( 


, ®-6.a7A 


4.9P — 6.2Pi. ^ 


A — r; 


— 6.8 


8, 


©°7.I 


— 7.2 


Pi <inNwe. 


p — 9.7P— . 


©©■Pi TiD8B4.9p 


~6.0p,faiwfl 


.IP. ai, ha; 


-©7 


9, 07° 


0.7 a — 


.6 a. 


10, CO"*! Tm»w8 


Sp. 11,® 


A— 7 Ai co-Pi -S 


DW8.0P. 


aa, — A. 33 


== a; 


1.77a- 


-6.07a 


T78.1A 


; OO" 


A. la, ™a 


— Pi OO'Ai 


cx^A — P. 24, 


^ in 8w 7.8 F 


-i ri9.2p-i r 


V 11 


®5.4. 


— 10.67 


P. 13 


OO-A 


-p. U, . 


.AIOO-A- 


p-i ®6.>p-. 


36, ®-1.0? 


Ai r5.-i.6Ai c 


10.8 a 


»!©• 


1.0P. 


16, _ 


— ': 


OO'A — p; @= 


0.8P — 4.6Pi 


— 10.8 a. 26,= 


A. as, ©■ 


.7 P — 4.0 p. 31 


SP. 



, Google 



BLUE HILL HBTEOROLOGICAL OBSERVATIONS. 



S£FTEMBEB, 1901. 



Due. 


s™w 


"""fU 


rcnhclt. 


^ 


n%L. 


Relmljve 
Hninldl.y.i« 


■"ST- 


Velorlly In mMiM 
perKCODd. 


F^edpl. 


t» 


SJX) 


A... 


8.00 


8 P.M. 


HID. 


AJI. P.B. 
»M 8.00 


A.M. P.M. 
8.00 8.00 


tw 


8.00 


8.00 


8.0O 


'- 


1 


44.6 


44.4 


64 


61 


66 


61 


16.1 13.6 


100 100 


10 


W 


> 6 


BE 7 


9.4 


2 


46.0 


45.7 


68 


64 


68 


56 


13.1 12.7 


92 86 


7 


"9 


NE 4 


MW 3 


0.8 


8 


47.2 


47.7 


68 


60 


74 


60 


13.1 13.1 


79 97 


8 


10 


HI 6 


HE 4 




4 


47.8 


46.2 


59 


66 


80 


68 


12.7 16.7 


100 99 


10 





sw 8 


s 5 




5 


47.8 


48.0 


72- 


76 


M 


65 


14.1 14.1 


71 77 








NW 4 


s 3 




6 


48.8 


47.6 


76 


73 


84 


68 


16.2 16.2 


72 77 





1 


HE 8 


s 6 




7 


45.3 


41.6 


72 


71 


86 


68 


15.1 17.4 


77 89 








M 4 


8 6 




8 


42.6 


44.1 


67 


56 


72 


66 


9.5 6.8 


81 68 








1. 8 


»w 9 




9 


46.9 


46.6 


63 


59 


69 


46 


6.8 7.6 


67 60 





2 


NW 6 


w 6 




10 


47.6 


46.0 


67 


60 


73 


68 


11.0 11.0 


62 84 


6 


10 


xw 6 


8 6 




11 


46.9 


38.8 


63 


66 


75 


60 


14.6 14.6 


100 96 


10»° 7 


■ 7 


s 7 


22.3 


12 


38.2 


84.0 


68 


67 


78 


68 


13.1 16.8 


96 100 


1 


10 


w 4 


s 7 


1.5 


13 


34.3 


87.8 


68 


66 


77 


06 


16.8 14.6 


97 92 


7 


g.o 


sw 4 


sw 4 


4.6 


14 


43.0 


45.1 


62 


66 


77 


68 


11.4 13.6 


82 87 








rtr 7 


sw 4 


0.0 


16 


46.0 


41.0 


63 


70 


75 


69 


14.6 18.6 


100 100 


10 


10 


s 6 


a 9 


0.0 


16 


43.1 


43.3 


67 


68 


80 


04 


12.2 14.1 


78 79 








w 6 


sw 9 


18.0 


17 


42.8 


40.0 


65 


60 


78 


60 


14.6 11.4 


96 86 


10 


10 


8> 3 


NWlO 


9.4 


18 


44.3 


44.9 


66 


60 


60 


60 


10.2 7.9 


87 87 


10 


10» 


WW 4 


E 2 


8.8 


19 


46.8 


61.2 


61 


68 


66 


49 


9.5 6.5 


100 66 


9 


7 


NW 4 


s 8 


10.4 


SO 


61.3 


46.7 


49 


49 


56 


44 


7.9 8.8 


90 100 


10 


10»" 


HE 7 


ME 8 


4.8 


21 


47.6 


60.1 


47 


66 


66 


41 


7.0 7.3 


86 64 





2 


sw 5 


irw 8 


0.0 


22 


62.9 


60.5 


58 


65 


69 


51 


8.6 9.8 


69 87 








SB 4 


8 9 




23 


60.3 


48.3 


69 


69 


76 


62 


11.8 12.2 


94 96 








sw 7 


sw 9 




24 


48.4 


48.4 


68 


63 


79 


65 


11.8 9.1 


97 62- 





10 


sw 7 


H 14 




26 


64.6 


65.4 


49 


40 


68 


42 


4.7 6.2 


54 67 








K 9 


HW 6 




26 


57.0 


66.1 


47 


47 


61 


39 


8.8 7.0 


76 84 





2 


H 4 


s 7 




27 


56.3 


54.7 


68 


62 


68 


47 


9.8 7.3 


80 76 








sw 6 


s 8 




28 


H.O 


50.8 


62 


60 


74 


50 


9.8 11.8 


100 88 


10 


6 


sw 7 


8 9 




29 


46.8 


41.5 


66 


67 


69 


69 


15.7 16.8 


100 lOO 


10" 10>° 


s 12 


s 9 


20.1 


SO 


40.8 


44.0 


64 


61 


76 


61 


14.1 10.6 


92 77 


"9 


"0 


w 8 


w 8 


16.0 


M*u« 


46.9 


46.0 


60.0 


60.8 


72.2 


55.2 


11.8 11.7 


86.6 88.6 


4.6 


4.8 


5.6 


6.7 


120.6 


■8»-'01 


47.0 


46.6 


68.6 


68.9 


69.5 


52.7 


10.9 11.0 


88.9 88.2 


6.1 


4.6 


6.0 


6.7 


114.6 


D.,m. 


-0.1 


-0.5 


+ 1.5 +1.9 


+ 2.7 


+ 2.6 


+ 0.9 +0.7 


+ 1.7+0.4 


-0.6 +0.3 


-0.4 


0.0 


+ 6.0 










R 


EHARKS. 














I, ®0.3i — 6.»a,9.6a — 8.6p; e 
— P. 5, r^inwIBM; TiDW2.8F 

OO'A — P. 6, OC'A — p. e. OO" 
8, oo'a; DeiueBmoke — 7a — 10a. 
lO, @=7.3a — 8.6a; oo'a — p. 
)0.B A, 6.8 P — 7.9 P ; r^ 6.* p — 10.0 p 
11.6a; @1.Bp — 6.CP, 6.3p— 6.*p; 
O' 11.0a — 11.3a; TinwlSn; OO" 
0.8P— 1.6P, 8.4P — 8.IP. 14, De 


= A — P. 

— 8.2P 

8,'® 
U. — 

u 

i90.4 

IMtlDClkc 


2, C 
4, 
7, OO'A 

4.0P — 
; 03.0 
»''•■- 
13, o 
p — 0.7P 


SO-A 

— p. 
5.0 p. 

?A — 

-Ja, 

O'AI 

;©• 
15, 


A;ri' 

-p;£ 

©10.1 

OO'A 

28, « 

Pi 83 
— 9.0a 


>d'a; ©8.7 
7.3P — 9.5p,i 
> 10.0 A, 10.9 A 
A-. 19, © 

-P. SCO 

A;e'1.8p- 
*7a — 0.8p, 


—8.9 

— 0.7? 

— 6.1a 
Ca; I 
-8.0P 

.9p — 


A,&.OP 

16, ffi 
p, 4.2 
. 2C 
-linl 

a 


— 1I.0!p;®»9.6a 
3.0P — 6.0P. 17 
p — 5.6p; r^6.0p 

, ©'4.6P — 8.6?p 
owtando. 87, oc 

p— H.9P. 30, 
O, ©'-2.0tA; a 


— IIJ 

OO'A 

18, 
34, 

)»7.2a 



by Google 



OfiSERTATIOKS HADE TWICE DAILY. 



OCTOBER, 1901. 





SS?S 




pZS',,. 


».■!?«!.. 


Ch»d 


ilHM. 


Wliid:IMnai™«Bl 
V8l«itTliim««. 


Piwipl. 


D.1C. 


mm. IWH- 






BID. 


Pfr«nt. 






p^rtwdwl. 


mm. 


AJ.. ,M. 


AM. PJI. 


Mu. 


MID. 


AM. tJt. 


AJI. PJI. 


AJI. 


P.B. 


A.H. 


PJI. 


p.n. 




»M SJM 


iM eM 


BP... 


SP.M. 


»M »M 


8.<M tM 


tM 


SJO 


tM 


»M 


S.flO 


1 


49.1 46.4 


52 62 


67 


47 


7.9 9,6 


88 98 


1 


2 


K 4 


s 8 




2 


41.6 34.8 


58 63 


69 


61 


12.2 13.6 


100 96 


10 


10 


s 8 


8 7 




3 


84.9 37.8 


49 51 


66 


49 


7.0 6.0 


82 64 


6 


4 


sw 7 


NW 7 


27.7 


4 


41.0 46.6 


45 48 


58 


39 


6.8 5.6 


77 66 


1 





»w 7 


w 5 




6 


47.8 46.7 


44 48 


60 


89 


6.8 4.4 


80 62 








!<»■ 7 


w 8 




6 


48.8 50.2 


43 42 


49 


39 


6.8 5.2 


87 79 


5 





w 9 


NWlO 


4.1 


7 


66.7 56.3 


42 47 


68 


86 


5.4 5.4 


80 67 








NW 5 


BW 5 




8 


64.4 52.5 


46 61 


67 


41 


5.8 7.6 


74 80 


I 


5 


sw 4 


B 8 




9 


61.6 60.3 


58 65 


69 


48 


8.5 10.6 


85 99 


8 


8 


»w 7 


B 8 




10 


62.8 62.1 


66 59 


71 


63 


11.4 11.8 


100 92 


10 


7 


8W 4 


B 9 




H 


52.0 49.7 


69 67 


71 


66 


11.8 11.4 


96 97 


4 





» 2 


SI 6 




12 


48.7 47.8 


62 64 


66 


61 


0.8 10.6 


100 100 


10 


10 


E 4 


BE 5 




18 


46.2 48.1 


64 64 


66 


52 


10.6 14.1 


100 96 


10 


10 


s 7 


8 11 


0.6 


14 


42.5 40.9 


69 58 


67 


68 


12.7 10.2 


100 100 


10* 


10*° 


N 4 


NK 7 


67.7 


16 


44.2 47.6 


49 51 


62 


46 


7.3 6.5 


82 69 








»w 9 


w 8 


4.3 


16 


48.3 46.1 


51 62 


66 


48 


6.8 8.2 


61 84 








w 5 


B 8 




17 


41.2 37.0 


54 48 


66 


48 


9.1 7.0 


88 84 





7 


■ 7 


NW 8 


1.0 


18 


40.6 46.9 


3d 38 


49 


88 


4.4 3.6 


78 61 


6 





w 8 


w 8 


0.0 


19 


44.3 42.9 


46 63 


63 


85 


4.6 6.S 


59 61 


8 


4 


swU 


w 15 


0.0 


20 


64.4 62.9 


37 41 


64 


38 


3.1 4.9 


61 79 


1 


1 


NW 6 


BW 6 




21 


62.4 52.5 


37 45 


65 


33 


3.6 5.4 


70 72 


6 





NW 4 


NW 3 




22 


46.3 44.3 


49 64 


65 


41 


7.3 5.8 


84 69 


4 


6 


9Wll 


w 8 




28 


88.8 31.3 


68 65 


73 


47 


4.4 7.9 


49 62 


7 


6 


swlO 


w 11 




24 


88.0 43.1 
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81.7 78.2 


5.4 


4.8 


6.9 
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1 


46.6 


46.0 


64 


61 


87 


46 
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9.1 
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3 10 


8W 9 


nr ■ 4 


1.5 


2 


48.5 


60.6 


45 


40 


65 


40 


6.6 


4.9 


75 80 
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M 8 




3 


61.1 


48.0 


38 


40 


49 


34 


4.4 


4.9 


76 81 
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4 


46.9 


46.1 


37 


39 


45 


35 


4.8 


5.8 


88 82 


10 1 
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»B 5 




5 


46.6 


46.8 


34 


41 


49 


29 


4.4 


5.4 
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6 


46.6 


44.9 


36 


87 


47 


84 


3.8 


8.3 


78 63 
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46.6 
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28 


87 


46 


27 
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S.6 
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38 


43 
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4.6 
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w 6 


w 3 




8 


46.6 


43.7 


36 


40 


62 
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26 
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TABLE n. 
8UHUART FOB 1601. 



X=71='6'5a"w. *=*2'']S'«"n. H = 640tt.,orl9S.lin. 

ace loManJard imivLtj of L»t. W,—.0OJ In. atSOta., or— 0.18 mm. »tTMmm., hun 
birnmptrr nulliiKii, vhLch un comcKil to BS°F., but an not ndutrcd to ■«• Icrd. 



...„. 




Air Temperature. 1 


""Si'ssr'" 


l^L.-. 


.™m.„. 


..... 


.... 1 


M... 


Mm. 


Imhw. 


Mm. 


Date. 


iDcbeB. 


Mm. 


Due. 


F.hr. 


Cent. 


Fohr. 


Ceil. 


J««.r,... 


29.228 


742.4 


29.99 


761.7 


s 


28.26 


717.9 


28 


20*8 


-6*2 


26!o 


-3^9 


February . . 


29.024 


737.2 


29.66 


760.7 


3 


28.53 


724.( 


14 


16.6 


-9.2 


20.1 


-6.6 


March 


29.181 


741.2 


29.73 


766.0 


19 


28.67 


726.( 


27 


30.4 


-0.9 


82.7 


-0.4 


April 


29.291 


744.0 


29.82 


767.5 


28 


28.60 


726.6 


7 


40.9 


4.9 


41.5 


6.3 


Mt 


29.206 


741.8 


29.63 


760.1 


26 


28.71 


729.3 


8 


61.8 


10.7 


60.8 


10.4 


Jam 


29.287 


748.9 


29.69 


761.7 


18 


28.98 


736.] 


23 


64.8 


17.9 


68.7 


17.6 


w? 


29.280 


748.7 


29.62 


762.4 


13 


29.08 


738.( 


81 


69.2 


20.7 


69.1 


20.6 


August . . . 


29.374 


746.1 


29.64 


762.9 


6 


29.1] 


739.4 


1 


66.< 


19.2 


66.2 


10.0 


September . 


29.874 


746.1 


29.82 


767.4 


26 


28.81 


733.8 


18 


60.0 


16.6 


60.8 


16.0 


October . . . 


29.410 


747.0 


29.98 


761.6 


29 


28.77 


730.1 


28 


47.2 


8.4 


60.0 


10.0 


November . 


2k218 


742.0 


29.61 


762.0 


11 


28.6( 


723.i 


26 


80.8 


-0.9 


8S.I 


0.6 


December. . 


29.319 


744.7 


29.79 


766.6 


7 


28.67 


728.2 


80 


26.2 


-3.2 


29.6 


-1.3 


Year 


29.266 


743.3 


29.99 


761.7 


3,1 


28.26 


717.9 


28,1 


43.6 


6.4 


45.2 


7.8 


1886-1901 . 


29.812 


744.6 


80.21 


767.3 


II, '87 


27.90 


708.7 


II, '96 


44.f 


6.8 


45.7 


7.6 


Departures . 


-.047 


-1.2 














-0.7 


-0.4 


-0.5 


-0.3 


Mouth. 


Vapor PrMaun. 


K«IMlreHmnJdltr. 


CleuiUDee*. 1 


t.... 


tF.a. 


«- 


Si.>. 


ep.M. 


Mn.. 


BA.a. 


...a. 


Meea. 


Inrfa. 


Mnu 


Inch. 


Um. 


Inch. 


Mm. 


Percwt. 


Percent. 


P.r„« 


0—10. 


O-ltU 


0-.0. 


January . . . 


.09 


2.4 


.10 


2.6 


.10 


2.6 


78.2 


71.6 


72.7 


6.0 


4.8 


6.4 


February . . 


.08 


1.6 


.06 


1.5 




.06 


1.6 


71.0 


55.9 


61.6 


3.4 


3.6 


3.6 


March .... 


.13 


8.3 


.14 


3.6 




.13 


3.4 


73.2 


73.7 


71.8 


6.0 


7.8 


6.7 


April 


.20 


6.2 


.20 6.2 




.20 


5.2 


82.9 


81.4 


80.1 


8.2 


8.1 


8.1 


May 


.80 


7.6 


.29 


7.3 




.29 


7.4 


79.5 


78.1 


76.7 


6.9 


6.4 


6.6 


June 


.47 


11.9 


.46 


11.7 




.46 


11.8 


76.8 


76.6 


73.7 


4.1 


4.4 


4.2 


My 


.60 


16.1 


.61 


16.4 




.60 


16.2 


83.4 


84.5 


81.1 


5.8 


6.0 


6.9 


August . . . 


.66 


14.3 


.66 


14.3 




.66 


14.3 


86.9 


87.2 


84.0 


6.4 


6.7 


6.1 


September . 


.46 


11.8 


.46 


11.7 




.46 


11.7 


85.6 


88.6 


81.6 


4.6 


4.8 


4.7 


October . . . 


.27 


6.8 


.28 


7.2 




.28 


7.0 


78.8 


77.8 


76.2 


3.8 


3.7 


3.7 


November . 


.14 


8.6 


.14 


3.6 




.14 


3.6 


78.8 


73.9 


73.9 


6.6 


6.2 


6.8 


December, , 


.16 


8.7 


.16 


3.7 




.16 


3.7 


83.2 


77.6 


78.8 


6.1 


5.4 


6.7 


Yet 


.29 


7.8 


.29 


7.8 




.29 


7.8 


79.8 


76.7 


76.0 


5.6 


6.4 


6.6 


1886-19C1* 


.28 


7.1 


.28 


7.1 




.28 


7.1 


77.6 


76.4 


74.8 


5.7 


6.2 


6.4 


Departures . 


+ .01 


+ 0.2 


+ .01 


+ 0.2 


+ 


.01 


+ 0.2 


+ 2.2 


+ 1.8 


+ 1.7 


-O.I 


+ 0.2 


+ 0.1 



* 1891-1901 V^ur PreiBure and Qalee. 
FcATuaEg OF THE MoHTR. — £xueptton«lly cold Febniu; and November, being the coldest February, except ISSu, 
and the eoldest Norember since the beginning of observKtloui; a hot guinmpr; a remarkably wet spring, particalarly 
April, thU month having the greatest rain&JI, the ;rea(e«t treqaency of rain, the greateit mean relative hamidJtyi the 
greatest mean cloudiness and least tnnihine, and the greatest frequency of NB and E winds of any April since obser- 
vations were begun in 1M85 ; mean preunre below normal from Jaonsry to July with a lower mean for Febniary thaft 
for any month during the past IT years. 



by Google 



ANNUAL SUMUART. 



TABLE U. 

SUMMABV FOR 1901. 



h 


= 6fi 




orl. 


m 


In sen 


m 


r, and 16 ft.. 


or 4.9 m., in winter 




11 


= 1ft. 


er 


O.i 


m 






KoBtb. 


~ 1 


M.uCorrfrted 

town<H.w. 


MunHx. 


Hn^Miiu 


MuDorMu. 
..dMI.. 


Mutlmnm. 


Mlnlmnm. | 


F.l>r. 


C„,u 


7ihr. 


c™u 


TMhr 


Cent. 


FJir. 


Cent. 


Felir. 


Cent. 


Due. 


Tlht. 


Cent. 


Due. 


January . . . 
February . . 
March .... 
April 

M»r 

Jun. 

J-iy 

Aagu.. ..; 
Saptember . 
Oclobar . . . 
November . 
December. . 


I9.I 
32.1 
42.S 
62.1 
64.9 
70.0 
67.6 
61.7 
60.0 
38.0 
29.1 


-4*1 

-11 
6.7 
11.2 
18.3 
21.1 
19.8 
16.6 
10.0 
0.6 

-1.6 


31.5 
27.6 
40.8 
47.9 
62.0 
77.0 
80.6 
77.6 
72.2 
61.9 
40.6 
37.0 


-c!s 

-2.4 
4.9 
8.8 
16.7 
26.0 
26.9 
25.8 
22.8 
16.6 
4.8 
2.8 


17.1 
13.2 
25.7 
36.4 
44.6 
66.3 
62.6 
61.3 
65.2 
42.7 
27.6 
22.6 


-8*3 

-10.4 

-3.6 

2.4 

7.0 

18.6 

16.9 

16.3 

12.9 

5.9 

-2.5 

-5.2 


24.3 
20.4 
33.2 
42.1 
63.3 
66.7 
71.5 
69.4 
63.7 
52.3 
34.0 
29.8 


-4^3 

-6.4 

0.7 

5.6 

11.8 

19.3 

21.9 

20.8 

17.6 

11.3 

1.1 

-1.2 


48 

48 
66 
78 
83 
94 
98 
86 
86 
73 
67 
62 


8.9 
6.1 
13.3 
26.6 
28.3 
34.4 
33.9 
29.4 
30.0 
22.8 
19.4 
16.7 


9 
26 
21 
29 
22 
28 

3 
17 

6 
28 

I 
14 


-9 
6 
4 
SO 
34 
45 
61 
57 
39 
31 
6 
6 


-22.8 
-14.4 
-15.6 

- 1.1 
1.1 
7.2 

10.6 
13.9 
3.9 

- 0.6 
-14.4 
-16.0 


20 
9 
7 
1 
2 
9 
26 
19 
26 
26 
29 
6 


Tear 

1886-1901. 
Departarea. 


46.6 
46.2 
-0.7 


7.6 

7.9 

-0.4 


64.7 
65.3 
-0.6 


12.6 
12.9 
-0.3 


38.8 
38.6 
+0.2 


3.7 
3.7 
0.0 


46.7 
46.9 
-0.2 


8.S 

8.3 

-0.1 


94 
97 


34.4 
36.1 


28, VI 
Vn,'94 


- 9 
-16 


-22.8 
-26.7 


20,1 
II, '96 


Houh. 




Nuinl»rorD.r.wlt1i 




Toul UoDtbljr. 


Hadmiun D.llr. 


6* 
>.01 
Ii»h. 


^!n° 


0.1 


▲ 


[^ 


- 


aenr. 


Clondj 


MMICT 


Incb«. 


Hm. 


Inob... 


Mm. 


D.t«. 


Jatiiiary . . . 
February . . 
March .... 

April 

May 

jUi^.:'::: 

Angnet . . . 
September . 
October . . . 
November . 
I>eoember.. 


2.06 
1.04 
7.37 
7.31 
6.06 
1.66 
6.16 
2.90 
4.76 
3.76 
3.18 
7.89 


62.1 
26.4 
187.1 
186.9 
161.3 
41.9 
166.4 
78.6 
120.6 
96.8 
80.9 
200.3 


.70 

.61 
2.11 
1.38 
1.43 

.99 
1.63 
1.02 

.88 
2.27 
1.76 
1.48 


17.8 
16.6 
63.6 
85.1 
86.8 
26.1 
88.9 
26.9 
22.3 
67.7 
44.7 
37.6 


12 
4 
11 
26 
19 
22 
29 
26 
11 
14 
24 
16 


9 
3 
14 
19 
16 
8 
13 
9 
12 
6 
9 
13 


8 
3 
12 
17 
14 
6 
10 
7 
11 
6 
7 
U 


6 
4 
5 







4 
6 













« 








1 
8 
8 
2 
4 





5 

8 
16 
13 
6 
6 
12 
7 
7 
4 
9 


7 

9 
4 
5 
3 
9 
3 
3 
14 
12 
7 
6 


14 
2 
16 
24 
12 
6 
8 
12 
12 
6 
18 
12 



3 
2 

2 




1 
2 
4 


Year 

1886-1901. 
Departures. 


54.01 
47.86 
+ 6.16 


1371.8 
1216.6 
+166.2 


2.27 
6.92 


67.7 
150.4 


14, X 
X,'96 


ISO 
132 
-2 


110 

106 
+ 4 


26 
28 
-3 




1 
-1 


18 
20 
-2 


92 

87 
+ 5 


82 
94 
-12 


136 
131 

+ 6 


16 
16 




Spbciai. Fhemoiieii*. — June 3, & tmtJI whirlwind pMsed over one comer of the Ob»emU>Tj, caaBing a ihup fall 
in pre»Mue within the bailding of kbout 0.16 mm. July S, a thnndentonn did considerable damage north of the Obser- 
ratoij. July 18, lightning »tmck the Obaervatoi? for the flnt time lince Its foundation. UnuBtudlj bright nuuett 
during the autnmn, beginning about Sept. 20. The laat froM occurred itmy 14 and the flrat Sept. S6. The lait meas- 
wable Buow fell March 15 and the flnt Not. 11. The flrtt cherry blonomi were obaerred May 10, abont a week later 
than unul. Apple trees began to bloMom May 19, and were In full bloom u late as Jane S. First ripe blueberries 
obterred July 12. Ice disappeared from the neighboring ponds March io, and reappeared Not. 25, about a week earlier 
iJum nsual. 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 



TABLE n. 
8UMHAET FOR 1901. 



Jannaiy . 
February 
March 
April . . 
May . . 
June . . 
July . . 
An^Bt 
SepUmber 
October , 
November 
December 

Tear . . 
1886-1901 
Departures 



Number oC Honn Wind blew n-om 



1048 
845 



1094 
1171 

-77 



1363 
1472 
-10» 



1597 
1667 
-70 



1701 
1617 

+ 84 



January . 
February 
March . 
April . . 
May . . 
June . . 
July . . 
August 



October . . 
November . 
December . 



Tear . . . 
1886-1901 . 
Departures . 



TABLE n. 

8UPPLEMEKTART. 
= S4 ft., or 10.4 m. above ground. 



124.5 
197.9 
140.8 
82.6 
197.7 
293.7 
246.9 
213.3 
198.9 
226.4 
136.6 
112.1 



2171.4 
2167.2 

+ 4.2 



H.O 



17.9 


8.0 


17.6 


7.8 


16.8 


7.1 


14.0 


6.8 


12.2 


6.6 


11.6 


6.1 


13.0 


6.8 


16.8 


7.1 


le.o 


7.6 


18.1 


8.1 


16.8 


7.1 


14.8 


6.6 



hO.5 



Mudnmm Vdodt;. 



15, XII 

I, '93 



N.B. — True nind velocities are recorded, which are about IB per cent, lover than those recorded by a Robinson 
anemometer with the factor 8. The Telocities for preceding jeari given here are corrected in the same ratio. The 
maiimam velocitj is for an interval of five minntei. No calms «f one hour's duration occnrred, and there ate none in 
the average from 1886 to 1901. 
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AN2fUAL SUHMAJUES AT THE BASE AND YALLEr STATIONS. 

TABLE in. 

SUMMABY FOB 1901 AT THE BASE STATION, 
"w. # = iZ^WaO"*. H = 210ft., or64in. h, = 6ft , or 1.8m. b, = 



M„«. 






Air 




ire, In degwe* F«hre 


nheit. 














n 






sr 


sr 


s.. 


-&. 


[Z. 


Due. 


Min. 


DM& 


Haw 


SalB uid M.lMd 
Snow. 


sSl>'w. 






















iDclie. 


Mm 


jichM 


Cm 


January . . 


93.8 


18.8 


•26.1 


14.5 


52 


» 


- 7 


20 


69 


2.12 


53.8 


9 


23 


Februwy . 


27.7 


1S.6 


20.6 


14.2 


44 


26 


6 


9 


38 


1.04 


26.4 


9 


23 


March ... 


42.2 


27.9 


36.0 


14.3 


68 


21 


6 


7 


62 


7.27 


184.7 








April .... 


60.0 


37.7 


43.9 


12.3 


79 


29 


31 


28 


48 


6.79 


172.5 






May 


60.0 


44.8 


62.8 


16.1 


83 


22 


38 


6 


46 


6.98 


151.9 








June 


76.6 


66.8 


66.6 


19.7 


92 


28 


44 


16 


48 


1.40 


86.6 








July 


80.2 


63.8 


72.0 


16.4 


91 


2 


63 


25 


38 


«.S7 


161.8 








Anguat... 


76.9 


61.7 


69.8 


16.2 


84 


17 


66 


28 


28 


2.80 


71.1 








September 


72.1 


66.2 


63.6 


16.9 


84 


7 


37 


26 


47 


4.20 


106.7 








October . . 


62.6 


42.8 


62.7 


19.8 


74 


23 


30 


29 


44 


3.66 


93.0 








November 


42.1 


28.3 


36.2 


13.8 


66 


1 


8 


29 


57 


2.42 


61.5 


4 


10 


December. 


38.6 


23.0 


30.8 


16.6 


64 


14 


2 


22 


62 


7.90 


200.7 


8 


20 


Year 


66.2 


39.6 


47.S 


16.7 


92 


28, VI 


- 7 


20,1 


99 


61.96 


1319.7 


SO 


76 


I887-'01«. 


66.7 


39.4 


48.0 


17.3 


96 


VII, -98 


-13 


II, '96 


108 


48.96 


1248.6 


69 


160 


Departnm 


-1.6 


+ 0.1 


-0.7 


-1.6 












-2.99 


+ 76.1 


-29 


-74 



* The meso tetnperatnrei for 1892 and 1898 are miiBing. 
I. B. — Under "Unmeltod Sngw," indlcaWi amonnU leu tbaii 1 inch (3.S cm.), and a dot (.) abaence of anow. 



TABLE rV. 
80MMABT FOB 1901 AT TEtB VALLEY STATION. 



XsTlTflO^w. 4 


= 42"H'0"s. 


H = 60 ft., or 


5 m. tn = 6ft 


or l.e m 


b,= 


1ft., 


r0.5in. 


Montti. 






Ttmpen 


nr», in iegnea Fnhnnhelt. 






PredplUUon. 


sr 


sr 


A 


ss. 


Uu. 


Dim. 


Mfn. 


mu. 


Bmgo. 






















lnch« 


Um 


January . . . 


84.0 


17.4 


25.7 


16.6 


51 


9 


-6 


20 


67 


2.10 


53.3 


Fabrnary . . 


30.4 


11.6 


21.0 


18.8 


44 


26 





3 


44 


.79 


20.1 


March 


43.1 


27.3 


36.2 


16.8 


67 


21 


5 


7 


62 


7.43 


188.7 


April 


60.0 


37.0 


43.5 


13.0 


77 


29 


27 


14 


60 


7.27 


184.7 


May 


63.8 


46.4 


64.6 


18.4 


88 


22 


87 


2 


46 


6.92 


150.4 


June 


78.9 


54.3 


66.6 


24.6 


9« 


28 


40 


16 


66 


1.52 


38.6 


July 


.88.1 


61.8 


72.6 


21.3 


95 


2 


48 


27 


47 


6.33 


160.8 


Angu.t .... 


80.0 


68.6 


69.2 


21.5 


88 


24 


50 


28 


38 


3.00 


76.2 


September . 


74.9 


60.8 


62.8 


24.1 


89 


6 


32 


26 


57 


8.72 


94.6 


October ... 


64.4 


38.3 


51.3 


26.1 


76 


10 


28 


29 


53 


3.76 


95.3 


November . . 


43.1 


26.1 


34.1 


18.0 


67 


1 


7 


29 


60 


3.89 


86.1 


December .. 


38.7 


20.8 


29.7 


17.9 


63 


14 


-3 


22 


66 


8.12 


206.2 


Tear 


67.0 


87.3 


47.2 


19.7 


96 


28, VI 


- 6 


20,1 


102 


53.34 


1364.9 


1880-1901 . 


68.1 


37.3 


47.7 


20.8 


98 


VII,'98 


-22 


II, '98 


120 


45.63 


1243.6 


Departures . 


-1.1 


0.0 


-0.5 


-1.1 












+7.71 


+ 111.8 
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BLUB BILL METEOROLOmCAL OBSEBVATIONS. 



TABLE V. 
OBSERVATIONS HADE TWICE DAILT IN 190S. 





Pre«n». ID 




VmpDr 
P™.u™, in 


RllAtlTC 

Hiuni<litT, In 


"rs- 


Vind : DlnctiAD ud 
Velocttj In ni«tm 


Fndpl. 


JAN., 


"""■ 


.00+ 










" 


un. 


p«r com. 




p»H»nd. 


mm. 


































P.M. 


Hu. 


MlD. 


A.M. 


P.M. 


A.M. P.M. 


A.M. P.M. 


A.M. P.M. 


P.M. 




».eo 


8.M 


tM 


8.00 


8 P.M. 


8PJI. 


8.00 


8.00 


8.00 8.M 


8.00 8.(8) 


8.00 8.0* 


Bjm 


1 


48.6 


56.7 


2 


9 


30 


1 


0.9 


0.7 


60 61 





NWl4 NWIS 




2 


66.2 


43.9 


12 


38 


33 


9 


1.1 


4.0 


65 82 


2 3 


V 4 s 16 




S 


38.8 


43.4 


26 


14 


88 


14 


8.0 


1.1 


96 58 


10»" 


w 11 w 13 


1.0 




48.0 


62.9 


1 


9 


14 


1 


0.6 


0.7 


68 52 





MWll NW 7 






62.3 


60.6 


9 


24 


27 


6 


0.9 


1.9 


60 63 


5 


w 6 w 7 






61.8 


49.9 


23 


27 


83 


20 


2.5 


2.7 


84 74 


8 7 


NW 3 6B 4 






48.0 


45.7 


24 


23 


80 


22 


8.2 


2.9 


100 98 


10 10» 


He 6 » 8 


8.1 




45.6 


46.0 


18 


23 


26 


16 


2.3 


2.9 


96 97 


10 10 


11 8 » 7 


3.1 




45.8 


44.8 


18 


27 


83 


18 


2.2 


2.6 


91 72 


1 4 


NW 7 w 4 






40.0 


87.8 


27 


28 


30 


24 


3.6 


3.0 


100 82 


10 6 


B 6 NW 7 


0.2 




34.8 


28.8 


81 


32 


88 


26 


3.3 


4.6 


82 100 


9 10* 


• 2 SI 4 


0.2 




SI 


27.6 


20 


19 


83 


17 


2.6 


1.5 


97 64 


4 1 


8W 10 w 10 


14.0 




81.3 


86.2 


11 


13 


20 


10 


1.2 


1.1 


73 66 


6 


w 7 w 8 






42.4 


46.6 


9 


19 


22 


8 


0.9 


1.2 


64 50 


4 


HW 9 w 7 






44.8 


40.4 


28 


29 


88 


17 


26 


3.1 


89 81 


4 


s 7 8W 7 






40.1 


38.8 


28 


82 


89 


23 


2.6 


3.0 


72 71 


4 8 


w 6 8W 6 






38.8 


43.5 


12 


17 


82 


12 


1.2 


0.8 


72 40 


8 


NW 9 NW 8 






44.8 


41.5 


19 


86 


38 


14 


e.7 


4.2 


85 82 


2 to 


8 8 a 12 






42.3 


49.4 


32 


21 


87 


21 


8.8 


1.8 


76 61 


9 


w 7 NW 9 


0.6 


20 


68.6 


64.6 


13 


24 


31 


11 


0.7 


2.7 


40 87 





N 7 B 5 




21 


61.3 


44.1 


28 


86 


86 


24 


2.7 


6.4 


78 100 


10 10* 


SI 8 I 10 


0.8 


22 


81.0 


29.8 


45 


89 


46 


36 


7.6 


6.8 


100 99 


10 4 


SI 13 sw 6 


18.6 


23 


80.0 


36.0 


86 


28 


89 


27 


4.6 


2.7 


89 76 


"6 


w 9 w 8 


0.0 


24 


89.9 


46.6 


26 


28 


35 


23 


2.5 


2.2 


78 60 


6 


sw 8 w 7 




26 


61.3 


66.8 


20 


27 


82 


1» 


1.1 


2.7 


46 77 





H 5 I 6 




26 


68.2 


62.6 


27 


32 


84 


26 


27 


4.4 


81 98 


10 10* 


8 2 81 18 


0.8 


27 


41.6 


46.0 


48 


28 


90 


28 


8.9 


1.1 


100 33 


10~ 1 


8 15 w 12 


6.6 


28 


64.7 


68.9 


10 


13 


28 


9 


0.6 


0.7 


41 40 


-0 


»wl6 w 7 




29 


69.1 


63.6 


6 


14 


15 


6 


0.6 


0.7 


60 88 


8 10 


NW 7 NW 6 




30 


49.1 


61.2 


10 


17 


20 


10 


1.2 


0.9 


76 44 


10* 


NW 6 NW 7 


0.8 


31 


64.2 


61.8 


9 


28 


26 


9 


1.0 


2.2 


66 74 


9 10 


N 6 B 6 


0.0 


Ufiina 


44.8 


45.2 


20.0 


24.0 


81.7 


16.8 


2.8 


2.4 


74.1 69.8 


6.4 3.7 


7.4 8.0 


52.1 


'86-'02 


44.7 


44.4 


21.6 


26.0 


32.8 


17.0 


2.6 


2.8 


76.3 71.7 


6.9 6.1 


7.8 8.0 


102.1 


Depttt. 


+ 0.1 


-0.8 


-1.6 


-1.0 


-1.1 


-0.7 


-0.3 


-0.4 


-2.2 -2.1 


-0.6 -1.4 


-0.4 0.0 


-50.0 
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6, © 
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t,<X 
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7, 
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11.0? P 


iS 


8, o 


0*A— P 


m- 


Piffl. 


23, ®B.E 
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S. 1 


0, H 


Al » 
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6 A, 10. 


A — 


-8.0a 


26, ^ 


'a; DenoeamokeinlawlaiKltA; *>0.6 
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^A 


oo> 


-'iM 


-8.6P — 


-.m- 


p — 0.7 


p, 65 P — 10 


0?P! @10.0?P— . 27, @— ll.lAi 


12, #-7.!lAi 


a- I 
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A — p; 


m- 1 


4, a- 


16, 


^A. 


29, ©'8.0 


A-«.!Ai ©'Llp-LSp. SO, *• 


OO-A-P, ® 


0.5P, S 


J. 16, CO" 


■.-'; 


a- 17 


.m- 


7.1a- 


0.2?p; ffl. 


81, a?''l.lA — ;oO»a; ©«7.6a — 


19,00"A-P, 


(17= 7.6 p 


— 7.7P 


■.m 


18.* 


°a.o?A~ 


6.0? 
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^(.•4.4p-6. 


?P,8.6?p; a. 
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OBSERVATIONS MADE TWICE DAILY. 



FEBRUARY, 1902. 



Due. 


S""*? 


Air TomDentan, in de«K« 


Pr^"ln 


per«DL 


CloWllneOi. 
— 10. 


per ««,Bd. 


K!. 


A.«. 
8.00 


0.00 


"Si '>M 


Mu. 

OP.M. 


Mln. 

8 P.M. 


B.M a.M 


8.00 8.00 


8.00 8JID 


AJi. 


p.>. 


'» 


1 


SO.S 


47.7 


29 82 


32 


23 


3.5 4.6 


89 100 


10» 


10» 


1 6 


m 6 


3.1 


2 


36.& 


14.9 


37 84 


48 


82 


6.6 4.4 


100 91 


10« 


10»° 


11 7 


8Wl7 


14.5 


3 


26.7 


84.7 


25 19 


34 


19 


1.7 1.2 


65t 62 


8 





w 20 


w 11 


0.0 


4 


88.6 


86.6 


12 16 


26 


11 


1.1 1.8 


63 89 


5 


6» 


sw 5 


V 8 


0.2 


6 


40.4 


44.0 


8 13 


21 


7 


0.9 1.0 


62 66 


4 





»«■ 7 


KW 9 


0.0 


6 


46.0 


48.0 


9 19 


25 


7 


1.0 0.9 


66 40 





4 


w 9 


IV 7 




7 


39.1 


84.7 


12 20 


83 


11 


1.0 1.2 


60 61 





3 


w 7 


w 10 




8 


80,0 


24.4 


16 17 


20 


18 


1.8 1.6 


64 67 





10 


w 9 


w 11 


0.0 


9 


27.1 


81.6 


22 27 


35 


16 


1.6 2.8 


62 67 


4 





w 13 


w 10 


0.2 


10 


38.3 


86.2 


24 22 


33 


19 


2.4 1.6 


77 60 





1 


sv, 8 


w 8 




11 


88.0 


88.2 


11 18 


26 


9 


0.9 1.2 


58 66 








nw 8 


w 7 




12 


88.0 


88.6 


14 22 


27 


11 


1.4 1.9 


70 69 


7 





w 4 


NB 3 




13 


88.6 


38.9 


17 20 


30 


16 


1.6 2.1 


72 80 


7 


lOo 


NW 6 


NWll 


0.2 


14 


43.4 


45.1 


20 26 


36 


18 


1.8 1.6 


78 62 


1 





»wlO 


NW 9 


0.5 


15 


46.8 


48.2 


19 26 


35 


17 


1.4 1.0 


59 33 


1 


2 


nw 7 


H 8 




IS 


49.S 


44.4 


16 26 


36 


14 


1.5 2.7 


70 79 





9 


N 4 


SB 8 




17 


29.7 


u.e 


29 81 


31 


96 


4.0 4.4 


100 99 


10"10» 


»e20 


H IS 


13.3 


18 


16.6 


24,1 


25 20 


32 


20 


2.6 1.7 


96t 70 


10 


8 


w 10 


w 14 


9.1 


19 


31,6 


89,6 


18 21 


24 


11 


1.1 1,8 


64 68 


4 





w 12 


«r 14 




20 


47.9 


48,4 


17 81 


88 


14 


1.2 1.3 
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7 


w 8 


w 7 




21 


48.4 


44,6 


22 81 


83 


22 


1.8 4.4 
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7 


10* 


N 3 
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5.1 


22 


38,5 


38,6 
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31 


26 


4.2 2.2 


100 65 
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9 


HI 14 


N 10 


20.6 


28 


42.1 


46.8 


18 26 


30 


17 


0.8 2.3 


38 69 


T 





K 9 


SB 3 




24 


48.4 


48.3 


26 80 


38 


21 
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66 96 


7 


6 


s 7 
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26 


48.6 


44.6 


84 34 


42 


28 


4.7 4.9 
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10 


10» 
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26 


35.7 


34,1 


36 37 


38 


34 


6.4 5.6 
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» 9 


40.1 


27 


38.7 


41.9 


40 40 


49 


36 


6.3 6.8 
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10 


2 


!. 6 


s 5 
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28 


42.7 


36.4 


86 40 


42 


82 


6.4 6.8 
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10 
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■B 6 


SB 16 


7.9 


Unix 


88.9 


87.8 


22.0 25.8 


83.0 


18.9 


2.4 2.7 


74.8 72.9 


6.2 


6.8 


8.5 


9.1 


145.6 


■SS-T)! 


43.8 


43.6 


21.T 25.3 


33.2 


17.6 


2,5 2.7 


76.1 70.1 


5.8 


6.8 


8.1 


8.2 


104.3 


Dqiul. 


-4.9 


-6,8 


+ 0.8 +0.6 


-0.2 


+ 1,4 


-0.1 ±0.0 


-0.3 +2.8 


-0.4 
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+ 0.4 
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1, 

7.«P-, 
4,00 
©"8.9 

B, oc 

lAOC 

— 10.0 

*-» 


}f4.»?A — 8.6p; 

a; ^-e-SA — 6 
a-1I.0Ia;*« 
A — p; e&1.8p 

a'Ajoop; ®8. 
A, 3.0P — s.api 
7lA. 18, cx 


^pi @8.5p— i S' a, 

B=A-p. 3, ^'B.JTx; c 
Op; .)f5.0p-8.9p. 6, C- 
S.OPiH. 6, H- 7, OO'A 
— 2.8 p; ^"S.Sr, 6.2 p — 11 
A-8.6P. 13, OO'A;®" 
^2.9Pa — 6.6?A, 7.2?P — 
^'a; ^1.7p-4.2p: q? 10. 


©- 

>OA. 

0*a; 
7? p. 

8.* A 

14, 

Jp — 


11.BP- 
*.6P — 
18,* 
tXJ-A- 

23, m 

ImnilBA 
29, „ 


-. 17, ^ 

5.«Pi*©Z 

-6.8 a, 8.7 a 

-Pi— PI* 

34, oo* 

1 e°8.0A- 

A-PiB 

A — p; ©»2 


6.6?A — 4.0Pi @?Zi4.0p — 4.5 
X6.6P— 7.3p; i^Opj *-'7.3p 
-9.2 a; H. 18, a- 20. H 
1.8p-iffl. 22, *— 3.4p;8E 

Ai oopi m- 26. •— '*; =• 

9.8Ai — PI S7.8P-! B. 
27, ©— 1.67Ai ^a; OO'a- 
8p — 6.8pi ©6.8p — I H. 


PI *• 

-.m 

21. 

AiH. 

ir. low. 

28. e 

PiB. 
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BLUE HILL METEOROLOGICAL OBSERVATIONS. 



MAKCH, 1902. 



DMa. 


mm. T<W+ 


"'"ESffii""- 


Vipor 


nomldltj, in 


OoDdiDHA. 


pffHOODd. 


Prwdpl. 


A.ll. 


s'm 


A.H. P.M. 
g.W 8.00 


Hu. 

Spji. 


MIn. 
spji. 


',M 


iJX 


8.00 8.00 


8.00 B.M1 


A.H. P.M. 

8An 8.00 


P.M. 
0.00 


1 


36.8 


38.6 


48 44 


58 


40 


6.8 


6.6 


98 86 


1 2 


s 10 s 7 


41.4 


2 


33.9 


ai.9 


44 44 


53 


38 


7.3 


6.8 


100 84 


10* I0»° 


SI 6 8 16 


4.1 


8 


80.6 


34.7 


88 36 


46 


86 


4.4 


3.1 


76 68 


7 1 


w 10 w 7 


0.0 


4 


87.0 


42.7 


80 31 


37 


27 


2.7 


2.8 


67 66 


8 8 


w 9 w 6 




5 


46.0 


81.7 


26 81 


31 


24 


1.9 


4.4 


59 100 


10 lO* 


SB 3 MB 18 


33.0 


6 


86.1 


46.8 


25 27 


85 


24 


2.9 


1.8 


87 40 


8 


MWll WW 7 


6.3 


7 


60.2 


51.1 


27 40 


46 


28 


1.6 


8.1 


46 52 


1 10 


8W 8 sw 8 




8 


66.6 


56.7 


34 33 


42 


38 


4.2 


8.8 


84 81 


10 10 


Hi: 7 > 8 




9 


47.8 


40.6 


36 33 


42 


38 


6.2 


4.7 


100 100 


10" 10 


8E 12 NW12 


14.7 


10 


44.4 


50.4 


34 36 


42 


32 


8.8 


8.5 


69 70 





HWll NW 7 




U 


68.9 


49.6 


34 84 


48 


29 


4.6 


4.6 


93 96 


8 10 


> 1 S 11 




12 


44.9 


40.1 


48 60 


66 


84 


5.4 


7.6 


79 82 


10 8 


SW 10 s 11 


0.0 


13 


36.0 


86.3 


50 61 


61 


45 


8.5 


9.5 


93 too 


10« 10 


SWlO NW 6 


1.8 


14 


48.3 


65.2 


82 81 


51 


81 


2.4 


2.1 


56 51 


2 


N 12 B 8 


2.8 


16 


57.6 


66.6 


34 84 


51 


29 


4.0 


4.0 


81 81 


2 2 


SB 3 SB 6 




16 


63.8 


47.8 


41 61 


59 


81 


6.5 


8.2 


100 86 


10 lO"" 


SB 6 s 14 


0.0 


1- 


42.6 


42.0 


47 89 


58 


39 


7.6 


6.0 


93 100 


10 10 


W 7 NB 2 


80.0 


18 


42.3 


40.1 


29 26 


39 


26 


1.5 


1.3 


48 43 


6 9 


» 7 1IW14 


0.0 


19 


29.0 


31.8 


23 31 


37 


sa 


1.9 


3.1 


68 76 


I0» 10«° 


NW21 NB 11 


5.6 


20 


37.2 


35.7 


31 36 


89 


28 


3.8 


5.4 


92 100 


8 10»" 


irw 6 »w 5 


8.1 


21 


88.7 


40.1 


88 46 


64 


36 


6.8 


6.3 


100 77 


10«.io«o 


B 7 KW 6 


0.2 


22 


42.0 


43.0 


47 61 


67 


45 


6.8 


6.6 


74 69 


9 10 


H 8 s 3 


0.0 


23 


44.1 


48.1 


43 47 


60 


41 


6.0 


2.2 


86 27 


7 8 


NW 8 KW 9 




24 


48.8 


46.5 


36 85 


47 


33 


2.9 


4.2 


66 82 


9 


N 8 NE 6 




26 


46.6 


49.5 


85 33 


44 


31 


8.0 


3.8 


61 80 


5 3 


N 7 B 4 




26 


63.1 


52.4 


83 84 


47 


28 


3.8 


8.1 


83 67 


6 


MB 4 SB 4 




27 


61.2 


47.0 


36 38 


65 


29 


3.0 


8.1 


60 58 


1 9 


BW 6 8 10 




28 


40.4 


48.2 


42 46 


62 


37 


6.0 


7.9 


87 100 


6 lO" 


BW 7 8 8 


1.8 


29 


87.7 


82.9 


50 40 


52 


46 


9.1 


8.8 


100 100 


10"10 


s 15 8 6 


27.7 


30 


36.8 


33.6 


48 48 


65 


43 


7.0 


7.0 


82 84 


7 


KW 7 8 7 


0.0 


31 


29.3 


28.2 


42 87 


58 


87 


4.4 


4.0 


65 74 


6 1 


w 8 sw 7 


0.0 


Mcui) 


42.7 


42.2 


87.1 38.7 


49.1 


33.2 


4.6 


4.8 


78.6 76.2 


6.1 7.0 


7.9 8.0 


171.5 


■86-'02 


43.4 


42.8 


29.5 32.2 


40.6 


26.6 


8.4 


8.6 


74.0 69.8 


6.0 5.6 


8.1 8.3 


109.6 


D„m. 


-0.7 


-0.6 


+ 7.6 + 6.5 


+ 8.5 


+ 7.7 


+ 1.2 + 1.8 


+ 4.5 + 6.4 


+ 0.1 +1.6 


-0.2 -0.3 


+ 61.9 






B 


EMARKS 








1, ©• — l.S?Ai CO" 
7.9a — 8.ap; ^A — p, 
Ai4<.-10.0A-,H. 
A-p; ®»8.0p — 4.0P 
p;©11.2p-;ffl. 6, 
U, OO-A — p; ©9.6F 
OO'A — P. 13, ©7 
0.2p; ®4.8p — 4.9p, 7 
*; .)fZ\0.6?A— B.6?A 
16, _a: @°1.!1p, 


A — Pi 0ii.iA-o.2rp. 

3, OOAi ©=8.5A. 5 

a, .)f-6.7?A,7.«»iH. 7 

®-7.7p.,^A — p;H. 1< 
— lO.lp. 18, ©0.2a — 
lA — 102a; OO'A — P! @= 1 
6p — 7.9p,9.8?p— . U, @- 
15, OC^A — Pi ffi»0.6p- 
@2.1p~a.4p; ®»2.8P- 


2, @ 

oo* 
oo* 

10.27 
>,». 

1.6 A i 

M — 

-0.67 
5.1 p. 
2.9 p. 


7.2p- 
p, 9.9F 

le, » 

*«« 

9'- 

7.7 a, 
1.2 P. 

2.2 P, ' 

©8.9 


. 17, ®- 

— lO.IPi = 
e.27A — 9.9a 

— 10.87PI Q 
.4 a, 6.6 p — 

S.6a; OO'A 
26, I— .'A 
08.8P-. 
.4p — 5.8p,7 
-. 30, i 


0.47pi ®°a.Op — 2.4Pi O5.0 
P. 18, OOA — P; a77.6p — 
^®9.9a— 10.2Ai ©10.2a- 
O'A — P. 20, =Pi©2.2p- 
8.1 Pi =A! OO'A. 33, ©" 
-P. 34, OOA. 36, ffi" 
OO'A. 87, 0''».9a — 10.6? 
86, ©-3.07Ai OO'A; © 
07p-;=p. SB, ©' — 3.57P 
) — 0.57a. 31, ©=2.07a — 4 


p — 6.4 
8.87 P. 

-4.6Pi 
. 81, 

7.4 a — 

8.8 a — 
a; oo 
0.7 P — 

07 a. 
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APRIL, 1908. 



nut. 


Sf"&f 


Air T<di»iMa», In defRu 


nun. 


BelWl» 

HnmliUCr, In 

percent. 


ClnndintM. 


Wlnd,DlrM«lonnnil 

relotdlT In metmt 
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» 


AM. PJI. 


A.a. pji. 


M«. 


MM. 


A.M. P.M. 
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8 P.M. 
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2.9 8.6 


47 63 


1 


KW 5 
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88 100 


7 10 


NW 8 


NE 6 


2.8 


30 


46.6 


46.7 


67 


62 


72 


61 


14.1 18.6 


84 90 


8 4 


NE 6 


NE 5 




31 


47.7 


46.9 


69 


69 


84 


61 


15.7 12.2 


88 70 


1 


NW 2 


s 6 




Meuu 


46.1 


44.8 


64.0 


63,7 


74.0 


67.9 


12.8 12.0 


64,9 83.9 


6.6 5.6 


4.8 


6.1 


80.0 


'86.'02 


44.8 


44.2 


67.6 


66,8 


78.1 


60.2 


18.9 18.6 


80.6 81.0 


5.8 6.8 


5.1 


6.1 


98.8 


Dep«t. 


+ 0.3 


+ 0.6 


-8.6 


-8,1 


-4.1 


-2.3 


-1.1 -1.6 


+ 4.4 +2.9 


+ 1.2 +0.3 


-0.8 


-1,0 


-18.8 










R 


EMARKS 








3,|« 
o! oo 

11.4a 
4.4 p- 
©3.4 


>3.8?i — 6.5?A,8 
4.9a — 6.6?i; 1 
6.7 P — 6.7 P. 
8.6?* — 9.6 A. 

•-.. 'fii,; 

^iJlB9.9p — 10 
9,lPi ©•».»,, 
w»lldSB9.3p— 1 
— 3.6Pi TriuB 
P. 18,® 0.9 p 


8a — 10.8i,l,7p— 4,lp-, s* 

= 6.6*; ©6.8a — 7.1*. 8,0* 

6, @6,67a — 6.8fA; oO a 

8, @7,6a — 9.0a; OO' a 

67a — 6,7?*; ®"7.6*; @7, 

3A-P, 13, OO'A, 14, 

,8p-?, 16, CO' a; oof 
®6.0p — 5.7p; ©'6.8P-10 
o.ap— ?, le, @"1I,7a, 
8.4p; ^^•8,6p — 8,7p; f^in 

— a.ep; ©"e.sp, 19,®" 


-8.3 

A — 

OO* 

j?'S 

17, 
h4.G 

.6 a; 


©'10. 

7;7?A 

p — 6.3 
?f3' 


— 9.7a,10.7a— 1,6p; ©"6,1 p; ©8,3p— , 
,ap; =A — p; fi9,9p — 11.0P; ®9.6p— . 

67a; @°8.8a — 10,6?a, 13M,a.lp; ®8.9p- 
nw7.9p — 11,6?P — ?; re9,0p — 10,0p; I 
SA,p; oO»*-p; Tinw4,7p; r^5.7p- 

— 8.3 P. as, E*. 24,00 A, 26 
A, I.Sp, S,ip; ®8.9p — 6.07P. 20, am 

-9.iA; @1.6p-3.7p. 27, =A;@=a 
P. 28, OO-A-p; <iniw9.1p— 9.8P— ? 

-p; ®°11.2* — 1I.6a; f^ in a 3,3 p — 4.6 p 
p,4.8p — 6.0P. 30, 0<9a — p; ©0.8P- 


30, 
21, 

-10.6? 

"6.7^ ; 

m 
®% 
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OBSERVATIONS MADE TWICE DAILY. 



AUGUST, 1902. 



Due. 


• ST"™!)? 




Vipor 
Pre..n«.ln 


pn Mnt. 


a;._««. 


Wind : DiiHdon and 
Veioelly in metres 


^S." 


»M iJJO 


8.00 B.ai> 


"".. 


MlD. 


A.M. P.M. 


1.x. p.n. 

g.m B.<M 


t» 'm 


A.n. F.H. 


p.n- 


1 


46.2 44.8 


69 69 


80 


68 


11.8 16.2 


66 91 


7 10 


6 4 8 6 


0.0 


2 


44.6 48.6 


68 73 


84 


68 


17.4 19.9 


98 96 


7 6 


BW 3 BW 6- 


2.3 


8 


43.4 41.2 


72 71 


86 


66 


16.8 17.4 


84 89 


2 9 


s 2 B 7 




4 


40.4 41.2 


70 67 


86 


66 


16.8 16.7 


91 92 


6 6 


W 4 NE 8 


21.1 


6 


43.0 42.9 


64 68 


69 


63 


16.1 14.6 


100 100 


10 10 


Ka 4 Bi 2 




6 


40.2 86.1 


64 62 


71 


62 


14.6 18.6 


99 08 


10 10 


SK 6 NW 6 


2.6 


7 


36.8 88.8 


68 68 


74 


69 


11.8 8.8 


82 60 


2 1 


w 7 TV 9 


0.8 


8 


87.9 40.4 


62 66 


77 


66 


13.1 11.0 


96 70 


10« 


8 10 w 8 


8.1 


» 


44.8 47.1 


66 69 


78 


66 


12.2 11.4 


76 62 


1 1 


w 4 w 3 




10 


49.8 47.7 


70 66 


79 


60 


11.8 10.6 


63 69 


1 9 


B 1 81 8 




11 


43.9 40.8 


71 71 


78 


62 


19.2 19.2 


too 98 


10 10 


8 8 8 10 


9.7 


12 


42.6 46.0 


64 69 


74 


66 


11.3 7.3 


78 98 





HW 8 NWlO 


13.2 


18 


47.3 46.7 


66 61 


70 


« 


7.0 7.9 


62 60 


8 


!tw 9 sw 6 




14 


46.7 46.2 


62 66 


76 


66 


9.6 11.4 


67 73 


8 4 


NW 2 8W 4 




16 


43.1 40.5 


67 66 


79 


66 


12.7 12.7 


76 77 


1 7 


w 3 NW 7 


0.0 


16 


40.3 40.1 


64 69 


67 


63 


7.9 7.9 


77 61 


6 


N 3 NW 6 




17 


40.6 89.4 


66 69 


69 


48 


8.6 7.9 


76 63 


1 


NW 5 NW 4 




18 


40.7 40.6 


60 63 


70 


60 


10.2 11.4 


77 80 


6 » 


w 4 w 4 




19 


41.6 40.9 


68 66 


68 


64 


11.4 11.4 


93 99 


10« 1 


N 3 NW 6 


10.9 


20 


44.0 46.1 


62 60 


72 


64 


11.0 9.1 


80 69 


8 


N 4 8 6 




21 


44.6 42.1 


64 68 


72 


68 


12.2 11.4 


81 91 


8 10 


8 3 8 7 


0.2 


22 


40.7 89.2 


64 63 


76 


68 


14.6 13.6 


99 92 


6 


w 8 sw 5 




23 


89.1 48.6 


60 66 


70 


63 


10.6 11.0 


81 92 


4 8 


NWlO NB 4 


0.0 


24 


46.0 46.1 


69 60 


66 


62 


11.0 11.4 


87 86 


2 8 


NW 3 NW 8 


0.0 


26 


44.9 48.0 


62 60 


70 


66 


11.0 11.4 


78 87 


3 


NW 4 w 8 


1.3 


26 


48.1 43.2 


68 68 


80 


66 


12.2 12.2 


86 71 


1 1 


w 6 w 6 


0.0 


27 


44.4 46.9 


66 66 


79 


60 


12.2 12.2 


76 76 


2 


w 6 8. 3 




28 


49.2 61.1 


68 67 


69 


67 


9.8 11.4 


67 96 


3 


HE 8 NE 4 




29 


91.8 60.6 


60 60 


71 


64 


11.8 10.6 


88 82 


6 4 


NE 4 BE 4 




SO 


60.4 48.S 


64 62 


80 


69 


12.2 12.7 


82 88 


4 


w 6 8 6 




31 


47.6 46.4 


64 67 


88 


61 


16.1 16.8 


100 99 


10 


BW 6 8 6 




Uewu 


4S.8 48.4 


68.4 63.3 


74.7 


67.1 


12.4 12.3 


82.7 81.4 


4.1 4.6 


4.8 6.3 


70.1 


■86-'02 


46.0 41.6 


66.1 66.2 


76.9 


69.1 


13.6 18.4 


83.7 82.6 


6.6 4.7 


6.1 6.8 


99.7 


Dfput. 


-1.2 -1.2 


-1.7-1.9 


-1.2 


-2.0 


-1.2-1.1 


-0.1-1.2 


-1.4-0.2 


-0.3 -0.6 


-29.4 






REMARKS. 










1, aoe.Tp — 6.8P. 
6.8p; @4.6p — 4.9Pi 
^^6.^P— 6.8p; -iinB 
inwT.2p — 11.3P. 
@2.4p — a.8p,S.3p — 6 
p — 6.2?p; =illlowlui( 
OO** — Pi =p. * 
A — 1.8p,S.8p — a.ip.s 
BW7.8P — 8.5— ?. 8 
Tin SB 10 .5 A — 10.8?*; 

11, S.A: «6.0?A — fi 

ii.iA — n,rA,o.6p-o 


2, — Ai c 
©"B.lp — 5 
8.7 p — 9.7 p. 
4, OO'A-P 
Op: riinBw 
Upi -fto.T 
, ®7.B* — 7 
.4P — ».27p 

r5.6.»A-« 

T in Nw 11.1 
.77 a. 8.6 a — 
8p,I.8p-2 


>=1»A — p; rii.Tp- 
Bp; @7.8p-7.Bp; 

aroo-A-Pi s 

r^inil.6p — 2.9P! 
8.2p — 6lP! ^^6.0 
9p-e.8p— ?. 6, 
7a; @*>8.8a; ©9.0 
^A, p; < in a And 
.4a; @7,Oa-8.7a; 

L. 10, OOA-P 

8.7*, 10.1a — 10.8 A, 
ep,8.8p — 9.7p; Tin 


W1.2P 

A— 11 

ooip; 
Kp'I 

P. a 

6.1 p — 

80, ex 


— IJlp; n 
A-p;»»4 

; ®8.9p-1 

nlovlAndip. 

2*, 11.7a — 1 
4'in»Andi< 

P. as, e 
i.6p,a.4p — 

8J? 28, 
J-A-P. 3 


.7 p — 9.7 p. 
It. 18, ( 

.61 P. 18, 
20, oo'a 

.9a; ®° 8.01 
B6.SP — 10.0 

0.4p; r^in 
3.9p,6.1p — 
®8.3p — 4.1 

OO A — P in 

1, B.A1 OO' 


14, e"I0.9A- 
B"7.2.-7.7Ai« 
%8.9fA-3.*p; 

21, OOA — Pi 
,3.1p,4.ep — 6.0P 
p. 33, ®° 1.9 P. 
rw,iP,B,2.3p-2. 
.4?p; Tini.6.3p 
p. 27, ooa;1 
». 28, OOA — 


-6.2 p. 
"8.1 p 

ilO.9 
32, 
24, 

'2'ef, 

rinaw 
Flaw. 
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BLUE HILL MBTEOROLOOICAL OBSK£YATIONS. 



SGPTEMBEB, 1902. f 



Due. 


FnHDn,in 

max. 7C«». 


Ail 


^-KSK'^ 


Vwor 
Pn«Dn,iD 


BelMiTe 
pwcmt. 


'YSr- 


VslodtT ia iMtn. 


•^i" 


8.M 


I'm 


Bjm 


BJW 


U.I. 

apji. 


Bpji. 


tM tM 


AJI. PJi. 


AJI. PJI. 


tM 


SM 


SJX> 


1 


44.6 


42.6 


68 


60 


89 


66 


17.4 18.0 


100 97 


3 6 


8« 6 


t 9 




2 


42.9 


43.9 


69 


67 


83 


67 


18.0 9.8 


98 66 


10 


«w 4 


HW 9 


6.1 


3 


47.4 


45.8 


65 


62 


78 


66 


6.1 18.1 


60 95 


"0 9 


HI! 2 


8 6 




4 


40.4 


40.4 


66 


61 


78 


61 


16.2 9.1 


100 68 


10» 9 


B 7 


HW 6 


7.4 


5 


46.1 


60.4 


66 


54 


64 


51 


8.5 6.0 


73 58 





HW 8 


H 6 




6 


54.9 


63.1 


67 


51 


67 


46 


7.9 8.6 


66 90 


3 2 


■n 3 


81 8 




7 


48.8 


46.1 


61 


68 


71 


61 


12.7 14.6 


93 100 


< 


8 9 


9W 6 


e.6 


8 


47.8 


47.0 


62 


63 


79 


68 


11.4 9.8 


82 78 


6 


8W 3 


8 6 




9 


45.4 


38.0 


61 


66 


78 


67 


18.1 16.2 


96 100 


8 10« 


s 8 


8 14 


4.6 


10 


40.2 


44.8 


56 


57 


69 


65 


8.6 9.1 


91 77 


7 


NW 8 


HW 6 


2.8 


:i 


48.6 


49.2 


56 


67 


72 


49 


8.5 11.0 


73 91 


3 


xv 1 


B 6 




12 


51.0 


49.9 


61 


68 


76 


64 


11.8 10.2 


87 88 





8W 4 


8 7 




IS 


48.7 


44.4 


66 


64 


67 


55 


18.6 16.1 


87 100 


10 10 


SI > 


8W 7 


6.1 


14 


47.6 


48.8 


51 


54 


64 


47 


7.6 6.6 


80 61 


6 


^ 8 


K 6 


7.6 


15 


50.0 


49.6 


51 


64 


62 


45 


7.6 6.0 


79 66 


1 


» 4 


8B 1 




1< 


61.5 


52.5 


52 


67 


66 


46 


7.6 8.2 


79 70 


6 4 


K 6 


B 2 




17 


68.4 


53.4 


56 


65 


66 


51 


10.2 11.0 


96 100 


6 10 


HZ 7 


B 6 




18 


52.4 


50.9 


66 


57 


69 


54 


11.4 11.8 


100 100 


10 10«» 


« 7 


HB 5 


o!o 


19 


50.5 


60.7 


59 


62 


71 


57 


12.7 12.7 


100 91 


10«»10 


KB 6 


SB 7 


12.5 


20 


52.7 


58.0 


69 


58 


62 


57 


12.7 12.2 


100 100 


10 10 


Hi: 6 


HB 6 


0.0 


21 


53.6 


51.9 


66 


56 


60 


56 


11.0 11.4 


97 100 


10 10 


KI 4 


B 3 


0.0 


22 


49.0 


46.6 


67 


57 


64 


56 


11.8 11.8 


100 100 


10 2 


I 6 


HB 8 




23 


45.0 


42.6 


68 


63 


76 


56 


16.1 18.6 


88 98 





yn 8 


8 6 




24 


48.5 


47.8 


65 


52 


66 


52 


12.2 6.4 


70 39 


9 5 


K 8 


K 6 




25 


51.4 


61.4 


45 


49 


55 


43 


6.0 6.8 


78 78 


10 10 


HI 4 


B 4 




26 


50.3 


47.5 


61 


56 


57 


47 


8.5 11.0 


91 99 


10 10 


81! 3 


B 6 


1.0 


27 


48.2 


40.1 


69 


64 


71 


65 


12.7 16.1 


100 100 


10»°10 


s 6 


8 3 


9.9 


28 


39.9 


88.6 


62 


64 


71 


60 


14.1 16.1 


100 100 


10 lO'" 


8W 3 


SB 6 


0.5 


29 


37.8 


39.6 


63 


57 


70 


67 


14.6 11.8 


100 100 


10 10 


w 2 


H 4 


9.1 


30 


39.2 


88.5 


60 


67 


61 


61 


18.1 11.8 


100 100 


10«»10" 


HB 7 


H 7 


0.2 


Muiu 


47.1 


46.6 


69.0 


68.8 


69.0 


68.7 


11.6 11.1 


89.1 86.4 


6.8 6.7 


5.3 


5.8 


74.7 


'86-'02 


47.0 


46.6 


68.5 


68.9 


66.5 


62.8 


10.9 11.0 


84.2 88.2 


6.2 4.8 


6.0 


6.7 


112.3 


D.p«rt. 


+ 0.1 


+ 0.1 


+ 0.6 


-0.1 


-0.6 


+ 0.9 


+ 0.6 +0.1 


+ 4.9 +8.2 


+ 1.1 +0.0 


-0.7 


-0.9 


-87.6 












REMARKS. 






1 


I, O0»i-I-. 3, ( 
4, =a; @U.O?i — 5 
3.7 P — 8.8 p. 7, @» 
— n.3A,0.1p — 0.9f,1 
OO'A. B. s*; OO 
IP. 10. O'TS.. 
©"10.4 A — 10.6*, 11.1 
14, @— 1.8a. 16, C 
17, OO-A-P. 18. OC 
A,6.9p — 7.IP.7.4P — 


ai.7TA— 6.0 
1?a; ©7.7 a 
7.0a. 7.7a; | 
*p-1.7Pi / 
»A — p;®S.fl 
13, OO'a; 
I. 0.8 p — 5.8 
xd*a; OOP. 
j'A-p; _iP 
IS, »'- 


a;« 
— 8.8 a 
»8.lA- 
-\8.8p 
P — fi.8 
OOP. 

i SSP 

W, 

•P8.9 
-7.7 a; 


! OO'A — p. 

i.8p-a.ap. 

10.6 a, 10.7 a 

-8.6 p. 8, 

p,6Jp-11.5 

18, ooa; 

9'e.6,_. 

30'a; OOP. 
,10Ja — 11.0 

#t.7a— a.6 


p, 1.6p — 1.7p; H 
— p; ©'a; ©•! 
OOP;«P. 33, 
OOiniPA— p; ©= 
27, @-1.8p,8.0p 
p — 8.8p: ®9.0p — 
8.7p; wa, p; oo' 
38, — <.0?a; b 
#— 8.6a; ha — t 


A. 30,™ 

— SpAtBlM 

^'intowUlK 
8.6 a — 11.4 

-8.ap, 6.7p 

38, »- 

A— Pi ^9D 

A, p; OO'A 
; »»6Jp- 


A— p. 31, OC^A— PJ 

Sutfon. SS,00*a; 
lAA. 38, OO'A. 36, 
A, 1.9 P— 2.7 P, 10.7 P—. 
-7.7Pi HlA.Pi /.-N'8.0 

0.3A,a.7p— 8.8p,6.9p — 
p; 1^11.6p; «10.0p— . 
-p;e»7.ap-. >0, 
B.7P,7.8rP— . 
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OBSEBTATIONS MADE TWICB DAILY. 



OCTOBEE. 1902. 



Dm*. 


srat 


Ail 


'*T£S£S'*~ 


^^ 


BAlAtlTg 


Ooodlneu. 


WlDdlDlncHoDABd 

Velodty In noDo 


Kl. 


A.a. 


B.«> 


t.« 


MO 


Max. 
Bp.M. 


Wo. 
Bp.a. 


MO B.«l 


».oo a.«) 


0.00 8.00 


S.0O MO 


« 


1 


86.8 


88.6 


58 


66 


69 


56 


12.2 11.4 


100 100 


10» I0«° 


B 7 M 6 


11,9 


2 


48.1 


46.4 


68 


64 


72 


66 


12.2 12.7 


100 86 


10 9 


N 3 8K 2 


0.5 


8 


46.6 


46.2 


67 


67 


67 


66 


9.1 10.6 


77 87 


6 6 


N 6 8 1 




4 


46.2 


46.4 


68 


61 


63 


60 


7.0 7.0 


70 78 


5 6 


N 6 8B 6 




5 


46.8 


40.8 


61 


67 


68 


60 


7.0 11.8 


76 100 


10 10» 


61 7 8> 8 


7.8 


6 


84.6 


36.9 


64 


68 


7J 


67 


16.1 9.5 


100 79 


10 


s 9 » 8 


13.2 


7 


42.1 


40.4 


68 


66 


70 


47 


7.6 10.6 


76 96 


2 


w 4 s 8 




8 


42.3 


47.8 


60 


60 


60 


46 


6.8 6.8 


74 64 


4 


w 10 w 6 




9 


46.0 


60.6 


56 


45 


67 


45 


8.6 4.9 


76 66 


10 


»»■ 8 » 7 




10 


64.8 


61.8 


88 


48 


57 


83 


4.0 6.6 


68 82 





KW 6 6 6 




11 


47.2 


42.0 


49 


64 


61 


40 


7.6 10.6 


87 100 


10 10» 


8W 7 » 8 


1.6 


12 


88.8 


89.4 


68 


68 


66 


63 


10.2 9.4 


100 96 


10« 2 


HE 11 » 5 


26.1 


18 


44.8 


40.8 


62 


62 


68 


60 


9.6 13.1 


98 96 


4 » 


BE 7 s 13 




14 


89.8 


41.6 


60 


47 


66 


47 


11.8 6.4 


88 67 


10 1 


w 6 NW 8 




16 


46.0 


43.0 


89 


4- 


68 


36 


4.6 6.0 


76 78 





8W 4 sw 9 




1« 


48.6 


46.6 


47 


49 


64 


42 


6.3 6.6 


76 62 


2 


sw 6 NW 6 




17 


61.2 


62.S 


30 


89 


49 


34 


4.0 4.7 


67 80 


2 


N 5 SE 7 




18 


68.6 


49.6 


42 


63 


63 


89 


6.4 9.8 


80 96 


10 10 


SB 3 s 11 


0.0 


19 


48.0 


44.4 


62 


60 


78 


63 


13.1 12.2 


91 96 


2 7 


sw 9 s 11 




20 


44.2 


44.2 


67 


61 


68 


61 


7.8 4.0 


61 44 





NW 7 w 11 




21 


49.0 


62.6 


39 


36 


61 


85 


4.6 3.6 


74 68 





MW 7 NW 6 




22 


64.7 


48.6 


36 


43 


64 


SO 


3.1 5.6 


65 82 


4 2 


w 8 8W 10 




28 


46.4 


52.4 


46 


41 


46 


41 


7.6 4.4 


97 68 


10» 


w 4 B 7 


5.8 


24 


64.4 


46.8 


43 


63 


66 


37 
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75.5 


69.7 
71.9 

75.7 
68.9 
64.7 
72.8 
81.6 
79.0 
84.6 
78.9 
81.0 
75.9 


6.4 
5.2 
6.1 
5.6 
5.2 
4.7 
6.5 
4.1 
6.3 
6.3 
6.6 
5.6 


8.7 
5.3 
7.0 
6.8 
6.3 
6.2 
5.6 
4.6 
5.7 
4.8 
6.3 
5.8 


4.6 
5.8 
6.5 
6.9 
5.8 
6.6 
6.1 
4.3 
6.0 
4.8 
6.4 
6.4 


May ... 








Joly . . . 




AnguBt 

Septemb* 

October 

Novembe 

Decembe 


r . 
r . 


Tear 


.27 

.28 

-.01 


7.0 

7.1 

-0.1 




27 
28 
01 


7.0 

7.1 

-0.1 


27 


70 


78.7 
77.8 
+ 0.9 


76.6 
75.4 
+ 1.2 


75.3 


5.6 

6.7 

-6.1 


6.6 

5.2 

+ 0.8 


6.6 

6.4 

+ 0.1 


1886-1902* 
Departures. 




.28 
.01 




7.1 
0.1 


+ 


r4.8 
1.0 



• 1891-1903 V«poT Preirare tuid Gale*. 
Features of thb Months. — A warm ipring, a cool laminer, $, varm sntumn, and a cold December. Tbe wannest 
March in more than 60 yesri, and alio the wurnest November, with the exception of IS86, in GO years. The coolest 
July since tS67. Febmary, March, Jane, and December were wet; May, September, and November were dry, the 
Noveinher rainfall being the smallest for Hovember since 1890. The atmospheric presmre in February was decldedty 
below normal, bat was not so low as in 1901. The mean relatlTe hnmiditf was the lowest for May In IS years. 
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TABLE VI. 

SUMMARY FOB 1909. 





b, = 6t 




orl. 


m 


ir 


•"■ 


m 


r, uid 16 ft., 


or 4.9 m., In winter 




h 


= lft. 


or 


0.8 


n, 






Month. 




i„T. 


mperUD 




1 


MnmCoirecttd 


Utu.Ua. 


MmuMIii. 


Memn 


iS."- 


Muim 




Minlmnm. 1 


F«hr. 


Cent 


Pihr. 


CeEt. 


P^ 


Cent. 


F.hr. 


Cent. 


TlhT. 


Cent. 


Dete. 


F^r. 


Cent. 


Dnte. 


January . . . 


23^2 


-4^9 


SIJ 


-0.2 


16.3 


-8.7 


24.0 


-4.4 


50 


10.0 


27 


1 


-17^2 


1 


February . . 


25.2 


-3.8 


88.0 


0.6 


18.( 


-7.3 


25.9 


-3.4 


49 


9.4 


27 


7 


-13.9 


5 


March .... 


39.0 


3.9 


49.1 


9.6 


88.2 


0.7 


41.1 


6.1 


66 


18.9 


12 


22 


- 6.6 


19 


April 


46.0 


7.2 


66.4 


13.0 


37.4 


8.0 


46.4 


8.0 


76 


24.4 


23 


30 


- 1.1 


1 


May 


64.4 


12.4 


66.7 


19.3 


46.6 


7.5 


56.1 


13.4 


88 


81.1 


23 


31 


- 0.6 


10 


June 


60.9 


16.1 


78.0 


22.8 


61.! 


11.1 


62.4 


16.9 


90 


82.2 


8 


44 


6.7 


9 


J«iy 


64.8 


18.2 


74.0 


23.3 


67.9 


14.4 


66.9 


18.8 


89 


81.7 


14 


48 


8.9 


7 


August . . . 


64.6 


18.1 


74.7 


23.7 


57.1 


18.9 


65.9 


18.8 


86 


30.0 


3 


47 


8.3 


13 


Saptember . 


60.2 


16.7 


69.0 


20.6 


63.7 


12.1 


61.8 


16.3 


89 


31.7 


1 


43 


6.1 


26 


October . . . 


60.3 


10.2 


69.6 


16.3 


43.2 


6.2 


51.4 


10.8 


73 


22.8 


6 


28 


- 2.2 


80 


November . 


42.4 


6.8 


63.1 


11.7 


34.9 


1.6 


44.0 


6.7 


67 


19.4 


16 


21 


- 6.1 


29 


December.. 


•26.6 


-8.6 


34.4 


1.8 


17.9 


-7.8 


26.1 


-3.3 


66 


12.8 


22 


-14 


-26.6 


9 


Te« 


46.8 


7.9 


66.1 


18.4 


38.9 


3.9 


47.6 


8.6 


90 


32.2 


8, VI 


-14 


-25.6 


9, XII 


1886-1«)2. 


46.2 


7.9 


66.4 


18.0 


38.6 


3.7 


46.9 


8.8 


97 


86.1 


Tn,'9« 


-16 


-26.7 


II, '96 


Departares . 


+0.1 


0.0 


+0.7 


+ 0.4 


+0.3 


+ 0.2 


+0.6 


+ 0.3 














Uontli. 








Bmnb.,. 


DarewU^ 




Tou] MomblT. 


UuImDm Duly. 


•* 
>.01 
Tnth. 


>1.0 
"Mm. 


>0.1 
Tneh. 


▲ 


vs. 


- 


Ce.,. 


Ctondj 


>!0 
.tbtn* 


Ij>ch«. 


Mm. 


InchH. 


Mm. 


Due. 


Jftnoery , . , 


2.06 


62.1 


.78 


18.6 


22 


12 


6 


9 








6 


9 


10 


8 


February . . 


6.78 


146.6 


1.70 


43.2 


17 


13 


8 


9 








7 


9 


9 


2 


Mareb .... 


6.76 


171.6 


1.63 


41.4 


1 


13 


12 


4 








8 




14 


4 


April . 




2.81 


71.8 


.96 


24.4 


9 


6 


6 








1 


8 




11 


1 


Ma;.. 






86.0 




9.1 




11 


a 








1 






9 


1 


Juue . 




8.78 
3.16 


96.0 
80.0 


.68 
73 


17.3 
18.6 


21 


16 
• 16 


14 

n 







1 

1) 


2 
6 


8 
9 




8 
15 




1 


Jul;.. 




August . . . 


2.76 


70.1 


.83 


21.1 


4 


10 


8 








6 


6 




6 





September . 


2.94 


74.7 


.49 


12.6 


19 


13 


11 








1 


18 




16 





October . . . 


4.64 


116.8 


1.92 


48.8 


28 


9 


7 











4 


6 


8 





November . 


1.38 


38.8 


.98 


24.9 


26 


8 


6 











10 


7 


12 





December . . 


6.49 


139.4 


.98 


23.6 


22 


17 


16 


12 








6 


12 


13 


2 


TeM 










m X 










16 


87 


79 


130 




1886-1902. 


47.86 


1216.6 


6.92 


160.4 


X,'96 


133 


107 


29 


1 


20 


87 


93 


131 


16 


Departures . 


-6.16 


-180.9 








+ 10 


+ 6 


+ 6 





-4 





-14 


-1 


-1 



Sfecui. Phenohena — Heavy runs mod melting snov CBiued • Sood in the Neponset daring the first part of March, 
near); equalling that of 1886. Unniually brilliant snnieti dnriog the latter half of the year, particnlaily during October, 
NoTember, and December. Ice diaappeared from the neighboring pondi March 17, about 10 days earlier than normal, 
and reappeared December 6, about a week later than uBual. The last frott occurred May 30, about two weeks later 
than normal, and the firat September 6, about two weeki earlier than normal. Firat cherry blosiomi observed April 26, 
■ix days earlier than normal, and Srtt ripe blncberriei June 20, three days earlier than usual. 
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TABLE VI. 
SmtUIABY FOR 1W». 



January . 
February 
March 
April . . 
May . . 

July . . 
August . 
September 
October . 
November 
December 

Year . . 
1886-1902 
Departures 



Number orEoun Wind blew from 



166 
116 
113 



1243 
1176 
+ 67 



1817 
1463 
-146 



1806 
1676 



1614 
1611 
-97 



January . , 
February 

March . , 

April . . , 

May . . . . 

July . . . 

August . , 

September . 

October . , 

November , 

December . 



Tear . . . 
1886-1902 . 
Departures . 



TABLE VI. 

8UPPLEMENTABT. 
= 84 ft., or 10.4 m. thove fronnd. 



148.9 
162.7 
161.6 
171.6 
249.6 
269.1 
202.1 
264.6 
148.6 
184.6 
122.4 
118.8 



2184.6 
2168.2 
+ 16.4 



17.6 
19.8 
18.2 
16.6 
14.8 
16.0 
11.9 
11.7 
12.7 
16.2 
16.4 
17.7 



1-0.7 



hO.3 



3, II 

I, '93 



K.B. — True wind velocitieB are recorded, which are about 18 per cent, lower thao thoie recoided b; a RoUiuaii 
aneinonieler with the factor S. The velocitieB for preceding jeaxe giTen here are corrected in the Mine ratio. The 
mazlmuin velocitj ia for an interval of Are mlnntei. No calms of an hour's duration were recorded, and Qkeie aie none 
In the average from 1866 to 1908. 
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ASSUAL SUMMARIES AT THE BASE AND VALLEY STATIONS. 

TABLE Vn. 

SUMMAEY FOR 1B02 AT THE BASE STATION. 

"w. # = *8°18'!0"N. H = 210 ft., or Mm. h, = 6 ft., or l.B m. b, = 1 



Uonlb. 




..,^.. 1 






Hun 




















Mm. 


Mln. 


sz. 


Uu. 


Due. 


MID. 


DMe. 


Em««. 


B.dii»idHcll«d 

BDDW. 


DDEDdUd 1 






















lnd»> 


Mm. 




Cm. 


Janaary . . 


8M 


17.2 


26.2 


16.1 


51 


27 


4 


4 


48 


1.96 


49.8 


11 


28 


February . 


81.8 


17.6 


24.4 


18.7 


60 


27 


7 


6 


43 


6.71 


146.0 


22 


66 


Mardi ... 


60.4 


38.6 


41.9 


16.9 


67 


12 


21 


7 


47 


6.88 


162.1 


11 


28 


AprU 


66.1 


88.0 


47.1 


18.1 


77 


28 


29 


4 


48 


2.62 


64.0 






Maj 


66.9 


46.2 


66.6 


20.7 


87 


28 


83 


10 


64 


1.41 


86.8 










Jnne 


70.1 


61.6 


60.8 


18.6 


89 


3 


46 


6 


44 


3.62 


91.9 










J»lj 


7S.4 


69.0 


66.2 


14.4 


88 


14 


47 


7 


42 


2.78 


69.3 










August . . . 


74.4 


67.4 


66.9 


17.0 


84 


3 


48 


18 


37 


2.66 


67.3 










September 


68.9 


64.0 


61.4 


14.9 


87 


1 


41 


16 


47 


3.18 


80.8 










October . . 


60.6 


48.4 


61.9 


17.1 


74 


19 


28 


80 


47 


4.40 


111.8 












64.8 


86.8 


44.8 


19.0 


69 


16 


22 


29 


47 


1.03 


26.2 










December. 


86.6 


18.6 


27.1 


17.0 


67 


22 


-11 


9 


63 


6.41 


137.4 


82 


81 


Tear 


66.2 


39.8 


47.8 


16.9 


89 


8, VI 


-11 


9, XII 


100 


41.00 


1041.4 


76 


193 


1887-'02-. 


66.7 


39.4 


48.0 


17.8 


96 


VII, '98 


-18 


II, '96 


108 


48.89 


1229.1 


60 


162 


Departurea 


-0.6 


-O.I 


-0.2 


-0.4 












-7.89 


-187.7 


+16 


+41 



* The mean (emperatures for 1893 and 1893 are miMmg. 
N.B. — Under " Unmelled Snow," Indicate! amonnta leM than 1 Inch (3.B cm.), andadot (.) abieoce of snow. 



TABLE Vm. 
SDUHART FOR 1908 AT THE VALLET STATION. 



x = 


l''7'30" 


w. « 


= *ru'0"a. 


H = 60ft.,orl6ffl 


b,= 


6ft., or 1,8m. 


h,= 1ft., or 0.8 m. 


After May X = 


1=7' 48" 


w. t 


= *3=U' 


ll"a. 


H = 60 ft., or 18 m 












Month. 




1 






















Kui. 


Mm. 


.:;"„?.. 


£S. 


Mid. 


Dia.. 


MiD. 


tM^ 


Ituge. 


























InchM 


Mm. 


January . . . 


38.2 


18.6 


23.8 


19.7 


60 


27 


-2 


18 


62 


1.91 


48.5 


February . . 


34.7 


17.6 


26.1 


17.2 


62 


27 


-1 


24 


63 


6.04 


128.0 


Marcb 


60.3 


33.2 


41.7 


17.1 


66 


30 


19 


7 


47 


6.08 


164.4 


April 


67.3 


37.3 


47.8 


20.0 


76 


29 


27 


4 


49 


3.07 


78.0 


May 


68.8 


43.8 


66.8 


25.0 


89 


28 


30 


14 


69 


1.82 


46.2 


June 


76.4 


60.9 


68.1 


24.6 


92 




42 


6 


60 


3.22 


81.8 


July 


76.6 


67.1 


66.8 


19.6 


92 


14 


44 


2 


48 


2.86 


72.4 


August .... 


77.9 


63.4 


65.6 


24.6 


89 




39 


17 


60 


■2.26 


67.4 


September . 


71.8 


60.2 


61.0 


21.6 


89 




33 


6 


66 


3.01 


76.6 


October ... 


62.3 


40.4 


51.8 


21.9 


76 




21 


22 


64 


4.73 


120.1 


November . . 


66.2 


88.0 


44.1 


22.2 


70 


15 


19 


29 


61 


1.44 


36.6 


December . . 


86.2 


16.0 


26.1 


20.2 


57 


22 


-13 


16 


70 


6.66 


168.0 


Tear 


68.8 


37.2 


47.7 


21.1 


92 


3, VI 


-13 


15, XII 


105 


42.08 


1068.8 


1889-1902 . 


68.1 


37.3 


47.6 


20.8 


98 


VII,'98 


-22 


II, '98 


120 


46.22 


1174.0 


Departurea . 


+ 0.2 


-0.1 


+ 0.1 


+ 0.8 












-4.14 


-105.2 
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THE EFFECT OF METEOROLOGICAL CONDITIONS UPON 
AUDIBIUTY. 

Br A. Lawbence Botch. 



The influence of atmospheric conditiona on the propagation of aound has already 
been investigated, notably by Stokes, Reynolds and Tyndall in England and by 
Henry and Livermore in this country, but the opportunity at Blue Hill for daily 
observations of the variable effect of a stratum of air nearly six hundred feet 
thick, at the top and bottom of which there are meteorological stations, led to such 
observations being undertaken at the beginning of 1901. 

The source of sound used was an eight-inch Crosby steam-whistle, situated upon 
a low building in the town of Hyde Park, the whistle being about 4400 metres north- 
northwest of, and about 170 metres below the Observatory. This whistle is blown, 
as a time-signal, twice a day, at 7 a.h. and 6 P.U., the steam being maintained at a 
nearly constant pressure of 100 pounds. Very often the escaping steam could be 
seen at the Observatory, so that the observer there had a warning to listen intenUy 
for the sound and during the later months he made some measurements of its 
velocity. It was deemed impracticable to employ as a standard soiirce of sound, 
either a bell, fork, or reed with which to compare the intensity of the blast of tiie 
whistle and, therefore, a four-part mental scale was adopted as follows : inaudible, 
1° faintly audible, 1 distinct, and 1* very distinct. The observer usually was Mr. 
Sweetland, so that the personal equation was nearly constant. Whenever possible, 
the observer was at an open window facing the sound; when the wind was high 
its noise frequently deadened or obliterated the sound of the whistle. As is seen 
from Table IX, the number of observations, when the wind was above or below 
normal, was 623. The sound was heard distinctly in more than half of these, the 
number of very distinct, faint and inaudible observations being each nearly the 
same and about one-sixth of the whole number. 

The lowest station of the Observatory^ situated in the Neponset Valley, lies 
almost in a straight line joining the Observatory and the whistle and is nearly at the 
level of the latter. It is distant 2600 metres in an air-line from the Observatory. 
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Continuous records of temperature are maintained in the Valley, but, unfortunately, 
the record of relative humidity exists only for the first and last months of the year 
and no observations of wind-direction or velocity were made. Therefore it had to be 
assumed that the whole stratum of air moved in the same direction as was recorded 
at the Observatory and that its velocity increased from the ground upward at the 
rate of 1.9 metres per second for each hundred metres of ascent. This rate was 
deduced from 17 simultaneous anemometer records, obtained at the Valley and 
Observatory near the hours of 7 a.m. and 5 p.m., during the sevend seasons of the 
year 1902-03. The mean velocities were 4.5 and 7.8 metres per second, respectively, 
at the Valley and Observatory Stations, or a ratio of increase of 1.7 at the higher 
station over the lower one. 

Osborne Reynolds showed, in Proceedings of the Royal Society for 1874, that the 
effect of wind upon sound, when blowing against it, is due to the lifting of the sound 
from the ground, caused by the different velocities with which the air moves at the 
ground and at an elevation above it. During a wind the air moves faster above 
than below, the effect of which is to refract or turn the sound upwards ; so that the 
rays of soimd which would otherwise move horizontally along the ground, actually 
move upwards in circular or more nearly hyperbolic paths and thus, if there is 
sufficient elevation, pass over the observer's head. Although barometric pressure 
does not effect the velocity of sound, yet the velocity depends on the temperature 
and every degree of temperature between 32° and 70" adds approximately one foot 
per second to the velocity of sound. The velocity also increases with the quantity 
of moisture in the air, but the quantity of moisture is at all times too small to pro- 
duce an appreciable result. If the air were all at the same temperature and equally 
saturated with moisture, the velocity of the sound would be the same at all eleva- 
tions, but if the temperatm^ is greater, or if it contains more water below than 
above, then tiie wave of sound will proceed quicker below than above and will be 
turned up in the same way as against a wind. 

Major Livermore in a report on fog«gnal experiments, forming Appendix No. 5 
to Report of the lighthouse Board for 1894, calculates numerical results based on 
the foregoing assumptions. With a wind blowing directiy [gainst sound rays he 
finds the following tilting is produced at a distance of 2 nautical miles, which is 
slightiy less than the distance of Blue Hill from the whistle. With a wind increas- 
ing one foot per second per hundred feet of elevation (0.9 metres per second per 100 
metres) the ray of sound will rise 660 feet (201 metres) and with a wind increasing 
2 feet per 100 feet (1.8 metres per second per 100 metres) it will rise 1330 feet, or 
405 metres and with a wind of 3 feet (2.7 metres per second) it will rise 2010 feet 
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or 613 metres, etc. A difference of a degree Fahrenheit in temperature refracts a 
ray of sound as much as a difference in wind velocity of one foot per second. Thus 
at the distance of 2 nautical miles a fall of temperature of 1° per 200 feet (61 metres) 
of elevation turns the sound-ray upward 354 feet (108 metres) and a fall of 1° per 100 
feet refracts it 708 feet^ or 216 metres. The effect of vapor upon the transmission 
of sound is comparatively slight, and the refraction caused by it is very small com- 
pared with that which may be produced by either wind or temperature. 

This theory attributes the causes of variations in audibility to vertical differences 
in the meteorolo^cal elements and accordingly the observations obtained at the 
bottom and top of the air-stratum through which the sound passed were discussed 
from this standpoint. Naturally, the wind is the first element which would be con- 
sidered, although the idea that it greatly retards or accelerates the sound-wave 
cannot be entertained when tiie high velocity of sound is .compared with the 
relatively moderate speed of the wind. Table IX gives the number of times that 
the various degrees of audibility accompanied different winds, the second vertical 
columns showing the percentages, and it is seen that the greatest audibility, if, b8 
in the lower part of the Table, the distinct and very distinct cases are combined, 
occurs with west, north and northeast winds and the least audibility, the inaudible 
and faint cases being taken together, occurs with south and southeast winds. These 
latter, as would be expected, tilt the advancing sound waves upward so that they 
pass over the Hill, as Major Livermore's calculations show should be the case with a 
wind increasing at a rate exceeding 1.8 metres per second for each 100 metres of 
height and acting on sound rays emanating from a point about 4400 metres distant. 
It is evident that winds blowing from a northerly direction with a greater velocity 
above than below would, on the contrary, tend to depress the sound-wave and pre- 
vent it from passing high above the Hill. The nearly equal audibility with winds 
between west and northeast is not so easily explained, although it has been observed 
by other investigators, notably by De la Eoche, who established by quantitative 
measurements, not only that sound has a greater range in the direction of the wind 
than in the opposite direction; but that the range at right angles is the maximum. 
Professor Stokes in a paper before the British Association in 1857, explained this 
effect as follows : Assuming that the difference of velocity tilts the sound-wave 
upward in a direction opposed to, and downward, in a direction coincident with, the 
wind, in this latter case the direct wave is reinforced by the wave reflected from 
the earth. Now the reinforcement is greatest in the direction in which the direct 
and reflected waves inclose the smallest angle, and this is at right angles to the 
wind. 
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In Table IX the audibility has been classified according to whether the wind- 
velocity is above or below the normal velocity on the Hill, which is 8 metres per 
second. It is seen that for all winds there are more cases of audibility when the 
velocity is below normal than when it is above normal, which can perhaps be 
explained by the fact that high winds on the Hill are attended by such noises aa 
would mask the sound of the whistle. Conversely, if this explanation is true, the 
number of cases of inaudibility should be greater when the wind-velocity is above 
normal and this is seen to be generally so. In the case of winds of high velocity 
opposing the sound there would be the added effect of a greater tilting of the wave- 
front allowing less sound to reach the Hill. 

TABLE IX. 

AUDIBILITY AND WIND. 



AndlblUt;. 


Wind o. BlM Uill. 1 


Velcwtty, 


"■ 
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■■ 


„. 
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-1 


Dtp. Nor. 


T.. 


P.c 


T.. 


P.c. 


Ti. 


p.c. 


T.. 


p.c. 


Ti. 
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To study the effect of variations of temperature it was necessary to ascertain the 
normal differences of temperature between the summit of the Hill and the Valley. 
A discussion by Mr. Clajion of the differences of temperature between the Summit 
and the Base, will be found in the Appendices to Part I of Vol. XX of the Annals. 
The temperature at the Valley is usually the higher, but as inversions of temperature 
are common, that is to say, a lower temperature in the Valley, the average difference 
does not represent the normal so well as the most frequent difference. To obtain 
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this, all differences of temperature between Valley and Hill at 7 a.h and 5 p.m. 
were tabulated, and the most frequent difference at 7 a.h. was found to be 2''.2, and 
at 6 F.H. 2° .8. These figures are assumed to be the normal diminution of tempera- 
ture between the bottom and top of a stratum of air 180 metres thick, and represent 
a decrease of 1° per 82 metres of ascent and 1° per 64 metres, respectively. 

Table X shows the audibility in relation to temperature-differences below or 
above normal, and while distinct and very dlsUnct observations occur one and a half 
times oftener with temperature differences below normal, yet nearly the same ratio 
obtains in the distribution of all these differences above and below normal. For 
inaudibility and faint audibility combined, the number of cases of differences above 

TABLE X. 
AUDIBILITY ASD DIFFERENCES OF TEMPERATURE. 
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and below normal is almost exactly equal. To ascertain more conclusively whether 
the temperature exercises any effect, a table was constructed embracing all the 
audibility observations made with a northwest wind of nearly normal velocity (6 to 
8 metres per second) and the corresponding differences of temperature. In this way 
the effect of the wind became constant and it was found that out of 51 cases, 33 had 
a temperature-difference below normal and 18 above normal. Now the distribution 
of the cases on the scale of audibility was almost in the same proportion, viz. for 
distinct and very distinct, 29 cases with a temperature-difference below normal and 
18 cases with it above normal. There were only 4 cases when the whistle was 
inaudible or faintly audible, the northwest wind, as already seen, being favorable to 
audibility. It would appear, therefore, that difference of temperature has no effect 
upon the audibility, although the normal difference of 2°.5 between the VaUey and 
the Hill (1° per 72 metres), according to Major livennore's calculation, should deflect 
the horizontal sound-wave only about half-way up the Hill, and there are many 
larger temperature differences that ought to produce a greater deflection. 

It appeared probable that during the inversions of temperature which often occur 
in winter and autumn, their frequency for the year being 20 per cent, the audibility 
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might be increased, owing to the fact that if the sound-wave moves more slowly in 
the cold stratum of air near the ground^ its front would be prevented from rising 
into the upper air, in the same way as when depressed by a wind blowing from the 
source of sound. Accordingly Table XI was formed with different degrees of inver- 
sion and the scales of audibility as arguments. While it does appear from this Table 
that great audibility accompanies the large inversions of temperature, the effect of 
wind must be conwdered. Usually, when inversions occur, the velocity is light and 
the direction is southwest, west or northwest, of which the first is an unfavorable 
wind for audibility and the last is a favorable one, as shown in Table IX. Classify- 
ing the inversions according to the winds in which they occurred, it was found that 
with a southwest wind the percentage of distinct and very distinct observations 
taken tc^ether was 63 percent, of the whole number of 28 cases, and that the 
inaudible and faint observations together constituted 37 per cent. With northwest 
winds the percentages were 86 and 15, respectively, of the 21 cases. These ratios 
correspond closely to those for the same winds in Table IX, which includes 
differences of temperature above and below normal. 

TABLE XI. 

AUDIBILITT AND INVERSIONS OP TEMPERATUBB. 
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It is concluded, therefore, that inversions of temperature do not increase the 
audibility. Although the amount of water-vapor in the tur has, theoretically, only 
a slight effect in deviating the sound-wave, yet the proof of this was sought in the 
observations. Therefore, the simultaneous records of relative humidity that were 
maintained at the Observatory and at the Valley Station during six weeks in the 
winter and during four weeks in the late autum were tabulated and their differences 
obtained. Table XII was then constructed, giving the audibility with successive 
differences of 10 per cent in the relative humidity, both when the humidity was 
higher in the Valley than on the Hill, which is the normal condition, and when 
the humidity was lower in the Valley. As in Table IX, the percentages of frequency 
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are here given in columns adjacent to the number of times. The cases of audibility, 
for a difference of to 10 per cent, of humidity between the two stations, are almost 
precisely the same, whether the humidity was lower in the Valley or vice-versa. 
This Umited number of observations indicate that the greatest audibility is when 
the relative humidity decreased rapidly upward, which also is when the temperature 
increased with altitude. These inversions of temperature have been shown pre- 
viously to accompany distinct audibility although they were not assigned as its 
cause. Consequently, an atmosphere with nearly uniform humidity vertically does 
not appear conducive to good audibiUty, nor do our observations give any sign that 
the falling of rain or snow, rendering the air more homogeneous, appreciably alters 
its capacity to transmit sound. Tyndall came to the same conclusion, although 
Derham, in a celebrated paper in the Philosophical Transactions for 1708, asserted 
that rain, and especially snow, tended powerfully to obstruct sound. The general 
deduction from the Blue Hill observations is that the direction of -the wind pre- 
ponderates over the other elements in influencing the audibility, for the reasons 
stated. 

TABLE Xn. 
ACDIBILITr AND DIFFERENCES OP BELATIVB HUMfDITT. 
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As has been said, measurements of the velocity of sound were made during the 
latter half of the year, when during the dayUght observations the air waa sufficiently 
clear to permit the jet of steam issuing from the whistie to be seen. The time 
elapsing until iJie arrival of the sound was measured, in the later observations with 
a stop-watch, but, nevertheless, no great precision was obttuned. 12 measurements 
were made in temperatures between 0° and 30° and 25 measurements in tempera- 
tures between 30° and 60°. The average time of traosmission for the first set was 
13.23 seconds and for the second set 12.48 seconds. Assuming the shortest distance 
between the whistle and the Observatory to be 4350 metres, the velocity of the 
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sound was 329 metres per second in a mean temperature of 35°, and 347 metres 
in a mean temperature of 45°. This increase of 18 metres per second for an 
augmentation in temperature of 30°, or at the rate of 0.60 metre per 1°, is, how- 
ever, nearly twice that determined from more precise measurements of the effect 
of temperature on the velocity of sound. These measurements, when grouped 
according to the wind-directions in which they were made, show a greater velocity 
for north and northwest winds, i.e., those blowing from the whistle, and a less 
velocity for west and southwest winds. Although the latter winds had a mean 
temperature greater by 8° than that of the north and northwest winds, and therefore, 
the velocity of the sound should have been greater had this cause acted alone, the 
resultant effect of the winds blowing more or less against the sound-wave was to 
retard it and the effect of the wind blowing with the sound-wave was to accelerate 
it. The difference in velocity between the two groups of winds amormted to 5 
metres per second, which may be supposed to be the sum of an acceleration of 
about 3 metres per second, due to north and northwest winds, and a retardation 
of about 2 metres caused by the west and Southwest winds blowing obliquely against 
the advancing sound-wave. If to this velocity of 3 metres there is added a correction 
for the difference in temperature of the two winds, there will be a fair ^reeraent 
with the average velocity at which the stratiun of air covering the ground to a 
depth of 180 metres is supposed to move, namely a velocity of 6 or 7 metres per 
second. 

The reduction of the observations here discussed was begun by the late Mr. 
Sweetland and haa been kindly completed by Mr. W. G. Riley, of Washington, D.C. 
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RESULTS FROM THE KITE-METEOROGRAPH AND SIMULTANEOUS 
READINGS AT THE EARTH'S SURFACE. 1897-1902. 

By H. Helm Claitok. 

In the first column of Tables XIII and XIV imder the head of Date and Hour 
are given the year, date, hour and minute of each set of values read from the records 
of the kite meteorograph at the heights given in column 2, and of the simultaneous 
readings from the instruments at certain fixed stations. The hour and minute is 
the time of the 75th meridian, five hours west of Greenwich. 

In the second column of the table are given the heights, in metres above mean 
searlevel, at which the readings in the third to sixth colimins were obtfuned. The 
heights of the kite-meteorograph are measured from the kite-reel on filue Hill and 
corrected to searlevel by adding 192 metxea, the altitude of the kite-reel above sear 
level. The seanwast is about ten kilometres northeast of Blue HiU and the pMns 
surrounding the Blue Hills are from twelve to seventy metres above searlevel. 
The heights of the kite carrying the meteorograph are computed from readings of 
the angle of the kite above the horizon and from the length of line to the kite. 
A correction of the computed height is necessary on account of the sag of the line, 
and the amount was determined by simultaneous readings from the ends of a base 
line in 1896-97. The following corrections in percentages of the height were found 
to represent the observations as nearly as they could be by a edmple formula, and 
were the corrections applied in obtaining the heights in the tables: — 

Angular altitadee 17° 20" 23" 26° 29° 82° 85° 88° 41° 44° 47° 50° 58° 66° 

CoTrectionBiiipercent.of height (minus) 3.2 S.O 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 

It was found that the probable error of a edngle determination of height, after 
applying these corrections, was less than one per cent, (about 0.7). The kite- 
meteorograph vim usually fastened to the wire below the upper kite, luid a correction 
was applied to reduce the computed heights of the kite to that of the meteorograph. 
When the kites were not visible, as in cloudy weather or at night, the heights of 
the meteorograph were taken from the records of the aneroid barometer carried 
by the kites. The reading of this instrument was checked by compMing its readings, 
when the kites were visible, with the heights given by the angular measurements. 
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The third column gives the temperatures in degrees and tenths of degrees 
Fahrenheit at the heights shown in the second column. The values were read from 
tiie record of the kite-meteorograph and corrected for instrumental errors. The 
corrections were found by comparison with standard thermometers in a standard 
shelter, the compariaons being made before and after each flight under &a uniform 
temperature conditions aa possible. In order to avoid errors arising from the slug- 
gishness of the instrument and to fix with certainty the coincidence in time between 
ita record and the computed heights, the temperature readings were taken with few 
exceptions where the height of the kite had been nearly stationary for from two to 
five minutes. The record of the meteorograph is continuous, but as it is practicable 
to g^ve the readings only at intervals, much care was taken to see that the change 
of temperature with change of height was uniform between the stages. Wherever 
there was evidence of an interruption in the gradient, readings of temperature, 
humidity, and wind were made both immediately above and below the position of 
the changed gradient. By reading the record in Has manner all the places of 
inverted gradient or sudden shifts of gradient are brought out in the table. 

The fourth column jpves the values of the relative humidity in per cent, read from 
the record of a hair hygrometer in the kite-meteorograph and corrected by com- 
parisons with a psychrometer before and after each flight. 

The fifth column gives the direction of the currents in which the topmost kite 
floated as determined from azimuth readings, near the kite-reel, of the direction of 
the kite. When there are several kites on the line this method does not give the 
exact direction of the upper current in which the highest kite floats ; but numerous 
comparisons with cloud movements at heights of from one to three kilometres 
showed no case in which the direction measured by means of the kite differed 
from the direction shown by the cloud as much as one of the sixteen points of 
the compass to which the directions are given. 

In the sixth column is given the velocity of the wind recorded by the kite- 
meteorograph. The velocities are expressed in metres per second. 

In columns seven, eight, nine, and ten of Table XIII are given the corrected 
records of the instruments at the Observatory made simultaneously with those at 
the kite. The dots in these columns serve the purpose of outlining and separating 
the different kite-flights. 

In the seventh column of Table XIV are given the readings made with a sling 
thermometer on board of the ship, seven metres above searlevel. 

Columns 11 to 20 in both tables contain a continuation of the data of the first 
ten columns. 
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TABLE Xin. 
RESULTS FROM THE KITE HETEOBOORAFH AND SIMULTANEOUS RECORDS AT THE GROUND. 
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3786 
3504 


18.8 
21.0 




NK 




69.4 

58.8 


50 
50 


SB 




June It. 




















8:10 p 


8264 


23.6 




NB 




68.8 


60 






0:06 A 


1910 


86.9 


66 






49.9 


95 


NNE 


6 


8:26 p 


2904 


28.6 


86 






58.8 


63 


SB 




0:08 a 


1040 


37.6 


42 




9 


49.9 


95 


NNE 


6 


8:81 p 


2720 


29.1 












67.9 


66 


SB 




0:17a 


2810 


34.2 


24 




9 


49.9 


95 


NNE 


6 


8:86 p 


2428 


83.9 


95 










67.7 


66 


SB 




0:26 a 


2510 


33.0 


19 




9 


49.9 


93 


NNE 


6 


8:44 p 


2247 


37.1 


95 










67.8 


63 


SB 




0:40 A 


2720 


81.2 


16 




8 


49.9 


92 


NNK 


6 


8:66 p 


1914 


43.6 


86 










67.8 


63 


SB 




1:0«a 


2660 


82.3 


16 




8 


50.4 


87 


NNB 


7 


9:02 p 


1667 


47.4 


77 










67.8 


68 


SK 




2:00 a 


2660 


82.4 


14 




8 


50.2 


84 


N 


7 


9:09 p 


954 


66.0 


63 










67.8 


66 


SK 




8:00 A 


2660 


82.2 


14 




8 


49.8 


81 


NNK 


7 


9:15 p 


480 


69.4 


61 










67.8 


64 






4:00 a 


2725 


81.8 


14 




8 


49.6 


80 


NNB 


6 


9:15 p 


196 


67.8 


54 


















6:00 a 


2848 


81.0 


14 




9 


60.6 


76 


NNB 


8 


9:16 p 


16 


62.6 


98 


















6:00 a 


2868 


80.8 


19 




9 


68.6 


71 


NNB 


7 


JnnnSl. 




















7:00 a 


2938 


29.8 


21 




9 


62.9 


70 


NNB 


6 


9:17 A 


16 


78.0 


46 














7:10 a 


2948 


29.8 


21 


NB 


9 


63.8 


70 


KB 


6 


9:17 a 


196 


74.8 


47 


WNW 












8:00 a 


2980 


30.0 


23 




9 


68.9 


67 


NB 


6 


9:17 A 


872 


66.9 




NW 




74.8 


47 


WNW 




8:31a 


2948 


29.2 


22 


NS 


10 


60.4 


62 


NB 


6 


9:66 a 


1160 


63.4 




WNW 




77.0 


43 


WNW 




8:36 A 


3014 


29.0 


21 


BNB 


10 
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62 


NK 


7 


10:16 i 


1261 


60.4 




WNW 




77.8 


41 


WNW 




9:00 a 


2980 


28.7 


24 




10 


60.6 


62 


NB 


8 


10:40 A 


1611 


56.8 




WNW 




78.6 


89 


WHW 




9:30 a 


3086 


28.7 


23 


NB 


10 


60.8 


62 


NB 


8 


11:20 a 


1608 


56.8 




W 




79.7 


37 


WNW 




9:44 a 


2841 


30.7 


24 


NB 


12 


62.0 


61 


NB 


8 


11:38 a 


1286 


60.3 




W 




80.1 


37 


w 




9:46 a 


2711 


31.6 


86 




12 


62.1 


61 


NK 


7 


11:49 a 


972 


6«.0 








80.6 


37 


w 




9:68 a 


2028 


37.0 


86 


KB 


12 


62.0 


61 


KNK 


7 


11:40 a 


196 


80.6 


S7 
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AtDiA 


rent He^gliU. 


n 
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n 


Date 
and 


AtDUerent Hel«bta. 


On Bine HUI, las m. 1 


Hetna 
■boTe 


il 


I 


WiDd. 


ii 


ji 


Wl»d. 


^ 


If 


it 


-■ 


ii 


if 


- 1 


Dii. 


Vel. 


Dir. 


VeL 


IMr. 


V^. 


Dir. 


V.l. 


3<mta. 
11;40a 


15 


•F. 

81.7 


p.cl. 

86 




^ 


T. 


p.tt. 




M^^. 


Jnirn. 
6:16 P 


1900 


62.4 


84 




m.p.1. 


"F. 
91.2 


p.cl. 

62 


W8W 


9 


Jane 13. 




















6:26 P 


1420 


68.7 


84 


WSW 




91.8 


63 


SW 


7 


0:14 p 


16 


84.7 


44 














5:27 p 


1398 


69.4 


84 


WSW 




90.0 


67 


SW 


6 


0:14 p 


196 


83.3 


47 


W8W 


7 










6:42 p 


844 


78.6 


72 


WSW 




89.2 


61 


sw 


8 


0:14 p 


960 


68.2 


73 


WSTT 


8 


88.8 


47 


WSW 


7 


5:63 p 


681 


82.6 


71 


SW 




88.2 


64 


sw 


8 


0:19 p 


832 


71.0 


66 


WSW 


7 


83.3 


47 


WSW 


8 


6:01 p 


363 


85.1 


72 


SW . 




87.6 


66 


sw 


9 


0:33 p 


1263 


63.9 


78 


WSW 


9 


84.9 


46 


aw 


8 


6:01 p 


196 


87.6 


66 


sw 












0:3»p 


1832 


66.1 


81 


W3W 




84.8 


46 


aw 


9 


6:01 P 


16 


91.6 


58 














0:43 p 


1722 


67.2 




WSW 




84.3 


45 


sw 


9 


Juiris. 




















0:66 p 


2019 


61.8 


100 


WSW 


10 


82.4 


46 


sw 


8 


11:09 a 


15 


91.5 


60 




.. 










1:02 p 


2077 


49.2 


100 


W8W 


11 


83.0 


46 


SW 


9 


11:09 a 


195 


88.6 


64 


WSW 












1:04 p 


2041 


49.2 


100 


WSW 




84.0 


46 


flW 


8 


11:09 a 


464 


83.5 


75 


WSW 




88.6 


64 


WBW 


6 


1:06 p 


1881 


61.2 


91 


WSW 




84.8 


46 


8W 


8 


11:11a 


606 


82.4 


77 


WSW 




88.7 


64 


WSW 


7 


1:10 p 


1483 


69.0 


86 


WSW 


10 


83.8 


46 


SW 


8 


11:24 a 


806 


79.2 


86 


WSW 




89.0 


63 


WSW 


8 


1:15 p 


1362 


69.8 


86 


8W 


10 


83.6 


47 


SW 


7 


11:36 a 


910 


78.6 


82 


WSW 




89.5 


62 


WSW 


9 


1:20 p 


869 


67.0 


51 


sw 


9 


80.6 


50 


SW 


7 


11:46 a 


1866 


67.8 


100 


WSW 




92.9 


61 


WSW 


10 


1:22 p 


870 


66.8 




ssw 




80.3 


50 


ssw 


7 


11:49a 


1466 


70.7 


68 


w 




91.0 


62 


WSW 


9 


1:23 p 


684 


71.8 




s 


7 


80.2 


50 


88W 


7 


11:66 a 


1696 


67.0 


96 


w 




92.0 


61 


WSW 


8 


1:23 p 


196 


80.2 


50 


ssw 


7 










0:02 p 


1927 


64.8 


67 


w 




92.6 


50 


WSW 


8 


1:28 p 


16 


81.1 


48 














0:10 p 


2401 


68.0 


66 






92.8 


60 


WSW 


9 


JiJt". 




















0:17 p 


2836 


62.8 


65 


w 




98.1 


60 


WSW 


10 


11:28 i 


16 


92.6 


54 














0:26 p 


2847 


52.5 


48 


w 




92.7 


49 


WSW 


10 


11:28 a 


196 


89.7 


60 


WSW 


6 










0:40 p 


2198 


61.0 


72 






98.6 


48 


WSW 


10 


11:28 A 


232 




59 


sw 


8 


89.7 


60 


WSW 


6 


0:41 p 


2162 


61.6 


72 


w 




98.6 


48 


WSW 


10 


11:40 a 


462 




60 


WSW 


8 


88.8 


59 


w 


8 


0:49 p 


2021 


63.1 


68 


w 




98.6 


48 


WSW 


11 


11:64 A 


914 




61 


WSW 


10 


88.8 


59 


w 


8 


0:56 p 


1736 


67.0 


65 






93.4 


47 


WSW 


10 


0:02 P 


1836 




62 


w 


11 


88.6 


60 


w 




1:00 p 


1414 


71.0 


82 


WSW 




98.7 


47 


WSW 


11 


0:18 P 


1662 




56 


WSW 


16 


88.1 


60 


WSW 




1:08 p 


1334 


72.4 


84 


WSW 




93.7 


47 


WSW 


10 


0:29 p 


1910 




61 


w 


16 


88.0 


60 


WSW 




1:12 p 


901 


78.8 


72 


WSW 




98.7 


47 


WSW 


11 


0:48 p 


2644 


66.1 


64 


w 


15 


90.0 


57 


WSW 




1:16 p 


781 


80.6 


67 






93.8 


47 


WBW 


11 


0:68 p 


2776 


64.5 


67 


w 


14 


88.7 


57 


WSW 




1:26 p 


436 


84.7 


62 


WSW 




92.2 


49 


WSW 


12 


1:14 p 


2821 


54.1 


59 


w 


14 


88.2 


60 


WSW 




1:26 p 


196 


92.2 


49 


WflW 












1:82 p 


2831 


64.7 


56 


WSW 


14 


89.9 


68 


WSW 




1:25 p 


16 


94.6 


45 














1:60 p 


2940 


63.2 


56 


WNW 


12 


89.1 


68 


WSW 




JnljIB. 




















1:69 p 


3188 


60.1 


56 


w 


11 


89.1 


69 


WSW 




11:06 a 


16 


79.6 


40 














2:31 P 


3269 


49.7 


66 


w 


12 


90.9 


64 


WSW 




11:06a 


195 


78.7 


43 


NW 


9 










2:63 p 


8610 


46.8 


67 


w 


12 


90.3 


64 


WSW 




11:06a 


873 


71.5 


68 


NW 


8 


78.7 


43 


NW 


9 


3:06 p 


3668 


45.1 


66 


w 


12 


91.3 


62 


WSW 




11:18 a 


861 


65.7 


57 


NW 


8 


79.3 


43 


WNW 


8 


3:26 p 


3638 


46.0 


64 


w 


12 


91.3 


68 


WSW 




11:24 A 


686 


67.0 


60 


NW 


7 


79.6 


43 


WNW 


8 


3:44 p 


3607 


46.7 


68 






91.1 


64 


waw 




11:27 A 


894 


68.4 


66 


NW 


8 


79.7 


42 


NW 


8 


4:03 p 


3175 


51.2 


49 


w 




90.0 


56 


WSW 




11:58 a 


487 


70.9 


58 


NW 


7 


79.4 


41 


NW 


8 


4:16 p 


3196 


49.4 


53 


w 




91.1 


64 


WSW 




0:11 p 


326 


78.4 


40 


WNW 


.. 


81.1 


40 


WNW 


9 


4:86 p 


2824 


63.4 


52 


w 




91.4 


62 


WSW 




0:11 p 


15 


81.7 


38 






81.1 


40 


WNW 


9 


4:46 p 


2648 


56.3 


49 






91.3 


52 


WSW 




0:64 P 


472 


73.9 


43 


WNW 


6 


82.6 


89 


WNW 


7 


4:66 p 


2461 


58.9 


49 






91.8 


52 


WSW 




1:02 p 


888 


66.7 


58 


WNW 


7 


82.7 


39 


WNW 


8 


6:06 p 


2085 


64.2 


47 






91.2 


62 


WSW 




1:22 P 


1668 


53.4 


78 


NW 


8 


82.4 


39 


NW 


8 


6:10 p 


1974 


68.1 


69 


w 


15 


91.2 


62 


WSW 




1:54 p 


386 


74.4 


38 


WNW 


7 


82.9 


40 


WNW 


8 



oogle 



ItBSULTS FROM THE KITB HBTSOROGRAPn. 



195 





AtOmemUOtlilUi. 


On Blue Hill, lU 


^ 




At Different nriglit.. 


OnBliicnm,lMiii. 1 


Metre* 

kbOTt 


i 


|i 


wind. 


^1 


it 


wind. 


MMt« 

.bOT. 


5' 


1 


wind. 


J] 
it 


w 


- 1 


Dir. 


VeL 


Mr. 


Vel. 


Dir. 


Vfl. 


Dir. 


V.l. 


JBIJW. 




"P. 


p.el 




m.p^. 


•P. 


p. a. 




-J,... 


Joiyao. 




.F. 


p.cl. 




m.p... 


or. 


p.o(. 




m.;i... 


1:64 p 


15 


84.0 


87 






82.9 


40 


WNW 


8 


5:37 p 


196 


68.8 


71 


B 


8 










2:19 p 


887 


67.2 


59 


WNW 


7 


83.1 


88 


WNW 


10 


6:37 p 


16 


73.9 


64 














2:30 p 


847 


67.7 


58 


WNW 


8 


88.0 


38 


WNW 


7 


J.i,ii. 




















2:S4p 


1469 


67.4 


78 


WW 


8 


88.4 


87 


WNW 


7 


10:46 a 


16 


82.0 


58 














8:23 p 


510 


76.9 


83 


WNW 




84.0 


37 


WNW 


6 


10:46 A 


195 


77.7 


«4 


SBW 


10 










8:85 p 


496 


75.5 


43 


WNW 


6 


88.7 


87 


WNW 


6 


10:46 a 


608 


67.6 


96 


BSW 


11 


77.7 


64 


BSW 


10 


8:35 p 


15 


84.7 


34 






83.7 


87 


WNW 


6 


10:47 a 


647 


67.9 


96 


S8W 


11 


77.7 


64 


BSW 


10 


4:00 p 


1339 


61.4 


68 


NW 




83.1 


38 


WNW 


6 


10:69 a 


816 


68.9 


89 


8W 


11 


78.1 


64 


SSW 


10 


4:03 p 


1083 


64.4 


68 


NW 


7 


88.2 


37 


WNW 


6 


I1:10a 


1267 


62.7 


100 


sw 


13 


76.6 


67 


SSW 


9 


4:19 p 


400 


76.6 


33 


WNW 


6 


88.1 


38 


NW 


8 


11:18a 


1646 


64.7 


77 


8W 


13 


76.0 


69 


SSW 


11 


4:19 p 


15 


84.6 


34 






88.1 


88 


NW 


8 


11:82 A 


1732 


62.7 


82 


SW 


12 


76.2 


70 


SSW 


10 


4:47 p 


2657 


56.7 




NNW 




82.8 


39 


WNW 




0:07 P 


1408 


60.7 


100 


aw 


11 


76.9 


70 


SSW 


10 


4:59 p 


3084 


61.0 




NNW 




82.4 


89 


WNW 




0:18 p 


2126 


67.4 


93 


8W 


11 


77.3 


70 


SSW 


9 


6:08 p 


3519 


48.6 




NNW 


16 


81.8 


40 


WNW 




0:89 p 


2372 


63.5 


81 


8W 


12 


74.2 


76 


88W 


12 


6:19 p 


3127 


50.7 




NNW 


14 


81.8 


40 


WNW 




1:06 p 


1896 


61.1 


88 


8W 


10 


76.3 


74 


SSW 


10 


5:32 p 


4074 


89.6 




NNW 


17 


81.5 


40 


WNW 




1:26 p 


2796 


48.9 


100 


sw 


18 


74.2 


77 


88W 


12 


5:56 p 


4063 


89.8 




NNW 




80.6 


42 


KW 




1:43 p 


2866 


60,8 


100 


8W 


14 


74.7 


79 


saw 


12 


6:26 p 


3810 






NNW 


12 


78.7 


46 


NW 




1:64 P 


8027 


49.9 


79 


BW 


14 


76.0 


79 


saw 


12 


6:41 p 


4815 






NNW 




77.7 


46 


NW 




2.07 p 


3212 


47.7 


83 




14 


74.5 


81 


BSW 


11 


7:06 p 


4114 


39.5 




NNW 


15 


78.8 


60 


NW 




2:26 p 


3412 


46.3 


83 


8W 


16 


74.2 


81 


BSW 


12 


7:16 p 


3984 


41.2 




NNW 


13 


75.9 


61 


NW 




2:36 p 


8006 


49.9 


87 




14 


74.1 


82 


SSW 


11 


7:32 p 


3506 


45.6 


89 


NNW 


13 


74.9 


63 


NW 




2:42 p 


2846 


60.9 


89 




U 


78.7 


84 


3SW 


10 


7:38 p 


2696 


52.1 


38 




■■ 


74.8 


58 


NW 




2:50 p 


2680 


63.4 


96 




14 


73.6 


84 


SSW 


12 


7:55 p 


1712 


66.4 


32 




10 


73.4 


56 


NW 




2:56 p 


2430 


66.4 


99 




12 


73.4 


84 


SSW 


10 


8:15 p 


1136 


63.2 


60 




7 


7S.3 


56 


NW 




8:06 p 


2186 


66.2 


89 




18 


73.6 


84 


SSW 


10 


8:22 p 


1378 


69.4 


70 




7 


73.2 


66 


NW 




3:22 p 


2067 


68.7 


100 




11 


74.0 


84 


SSW 


11 


8:87 p 


1052 


66.5 


62 


If 


7 


73.1 


57 


NW 




3:27 p 


2057 


68.7 


97 


W8W 


11 


74.2 


82 


SSW 


9 


8:49 p 


684 


71.2 


55 


» 


6 


72.9 


58 


NW 




8:88 p 


1872 


60.7 


99 


W8W 


10 


74.7 


83 


SSW 


9 


9:02 p 


842 


76.9 


51 


N 


8 


72.2 


58 


NW 




8:89 p 


1763 


61.8 


93 


waw 


10 


74.1 


84 


saw 


9 


9:03 F 


807 


76.7 


61 


K 


8 


72.2 


58 


NW 


5 


8:54 p 


1467 


66.7 


89 




11 


75.1 


82 


saw 


9 


9:03 p 


196 


72.2 


58 


NW 












8:56 p 


1472 


66.7 


88 


8W 


11 


76.1 


82 


aaw 


8 


9:03 p 


15 


62.5 


91 














4:08 p 


1092 


69.0 


83 


8W 


11 


74,9 


83 


saw 
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July 20. 




















4:17 p 


862 


70.6 


85 


S8W 


12 


74.6 


83 


SSW 


7 


2:48 p 


16 


76.6 


60 














4:19 p 


826 


67.7 


100 


BSW 


12 


74.3 


84 


asw 


- 8 


2:48 p 


196 


73.6 


66 


E8K 












4:38 p 


647 


67.7 


100 


SSW 


10 


73.8 


86 


saw 


8 


2:48 p 


894 


68.7 


72 


SB 




73.6 


66 


ESS 


8 


4:36 p 


649 


66.7 


100 






78.7 


86 


BSW 


7 


3:13 p 


779 


63.8 


88 


8BB 




73.6 


65 


BE 




4:46 p 


877 


69.6 


92 


BSW 


9 


73.9 


86 


BSW 


9 


3:34 P 


921 


60.9 


93 


BBK 




72.4 


67 


BE 




4:45 p 


196 


78.9 


86 


eew 


9 










3:60 p 


932 


62.4 


73 


S 




72.4 


68 


88E 




4:46 p 


16 


77.4 


76 














4:00 p 


1079 


60.8 


82 


B 




72.3 


68 


8SE 




Ao«.M. 




















4:40 p 


942 


64.4 


46 


6 




71.3 


68 


BSE 




6:67 p 


15 


69.8 


69 














5:01 P 


1007 


63.0 


47 






71.8 


69 


BBE 


S 


6:67 > 


196 


66.2 


79 


S8W 


6 
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61 


w 


6 


8:61 p 


3091 


24.5 


58 


NNW 


18 


58.9 


58 


NW 


11 


8:12 p 


2248 


26.9 






10 


87.2 


62 


w 


6 


3:58 p 


3077 


26.5 


50 




17 


68.7 


58 


NW 


11 


8:22 p 


1943 


22.3 






10 


36.9 


63 


w 


6 


4.06 p 


3092 


27.6 


40 




17 


68.7 


58 


NW 


10 


8:38 p 


1906 


19.0 




If 


8 


86.6 


66 


w 


5 


4:16 p 


3185 


26.0 


50 


NNW 


17 


59.4 


67 


NW 


11 


8:41 p 


1742 


20.1 






» 


86.4 


65 


w 


5 


4:62 p 


3322 


21.0 






19 


58.4 


58 


NW 


11 


8:56 p 


1473 


21.8 




NW 


9 


36.2 


66 


w 


5 


4:68 p 


3363 


20.1 


55 


NNW 


19 


57.0 


60 


NW 


12 


9:02 p 


1376 


23.1 




NW 


9 


36.8 


67 


w 


5 


6:20 p 


8601 


17.4 


76 


NNW 


21 


56.6 


61 


NW 


12 


9:07 p 


1260 


24.3 




NW 


9 


36.7 


68 


WNW 


5 


6:26 p 


3682 


18.1 


75 


NNW 


21 


56.5 


61 


NW 


12 


9:14 p 


1059 


26.3 






9 


35.5 


68 


WNW 


4 


6:41 p 


3491 


18.1 


77 


NNW 


21 


56.4 


60 


NW 


12 


9:20 p 


800 


80.0 




N 




85.2 


68 


WNW 


5 


6:48 F 


3684 


18.0 


76 


NNW 


21 


56.5 


60 


NW 


12 


9:26 p 


864 


29.8 








35.1 


69 


WNW 


4 


6:63 p 


8128 


22.1 


79 




19 


56.0 


61 


NW 


12 


9.80 p 


690 


81.8 








35.0 


69 


NW 


5 


6:67 p 


8100 


23.5 


76 


NNW 


19 


65.9 


61 


NW 


13 


9:85 p 


608 


83.7 




N 




35.0 


69 


KW 


6 


6:14 p 


2968 


24.4 


72 


NNW 


19 


64.5 


62 


NW 


13 


9:40 p 


899 


35.1 








35.0 


69 


NW 


5 


7:56 p 


2706 


30.2 


57 


NNW 


19 


61.0 


70 


NW 


10 


9:43 p 


869 


36.4 




NW 




35.0 


67 


NW 


6 


8:00 F 


2644 


29.7 


67 


NNW 


16 


61.0 


72 


NW 


9 


9:45 p 


880 


36.8 








35.0 


67 


NW 


6 


8:18 p 


2571 


29.0 


60 




16 


60.4 


73 


NW 


8 


9:46 p 


195 


35.0 


67 


NW 


6 










8:18 p 2612 


29.6 


68 




16 


60.3 


74 


NW 


8 


9:46 F 


15 


36.4 


76 














8:86 F 


2202 


32.8 


80 




13 


60.6 


76 


NW 


10 


M«Tl. 




















8:87 p 


2162 


82.4 


84 






60.2 


76 


NW 


10 


10:04 » 


15 


56.0 


61 














8:40 p 


1618 


85.4 


98 




7 


60.2 


76 


WNW 


10 


10:04 » 


195 


52.8 


67 


NW 












8:45 p 


1248 


41.0 


83 






50.0 


76 


WNW 


10 


10:04 a 


828 


50.3 


80 


NW 




52.8 


67 


NW 


9 


6:49 p 


1432 


37.7 


94 




9 


49.0 


77 


WNW 


10 


10:09 A 


430 


48.1 


88 


NW 




62.7 


67 


NW 


8 


9:10 p 


1078 


41.7 


85 




11 


49.7 


78 


NW 


9 


10:12 a 


552 


44.5 


96 


NW 


. 




62.7 


67 


MW 


8 


9:45 F 


809 


44.4 


80 


N 


11 


48.9 


80 


NW 


8 


10:27 A 


764 


42.3 


100 


N]»W 






68.1 


66 


NW 


8 


9:52 F 


670 


47.6 


75 


N 


16 


48.8 


80 


NW 


8 


10:48 A 


773 


42.2 


100 


NNW 






62.9 


68 


NTT 


8 


10:00 p 


282 


48.3 


75 


NNW 


16 


48.6 


81 


NW 


8 


10:53 a 


1187 


38.9 


100 








62.6 


69 


irvr 


8 


10:01 p 


246 


48.9 




W 




48.6 


81 


WNW 


8 


11:08 a 


966 


89.8 


100 


NNW 






61.9 


76 


NW 


8 


10:01 p 


196 


48.6 


81 


WNW 


8 










11:17 a 


1231 


40.0 


100 








63.7 


73 


KW 


6 


10:01 p 


15 


50.6 
















1137 a 


1151 


89.1 


100 


NNW 






63.7 


78 


NW 


7 


3:24 p 


• 15 


62.0 


53 














11:88 a 


1136 


40.1 


88 


NNW 






64.1 


70 


NW 


6 


8:24 F 


195 


69.4 


67 


NW 


12 










11:37 a 


1316 


39.0 


92 


NNW 






54.8 


69 


NW 


6 


3:24 F 


602 


61.6 








69.4 


67 


NW 


12 


11:45 a 


1644 


34.8 


88 


NNW 






56.5 


68 


NW 


8 


8:31 F 


670 


60.1 








69.4 


58 


NW 


12 


11:49 a 


1826 


36.5 


97 








54.8 


66 


NW 


8 


8:61 F 


932 


45.5 








68.9 


58 


NW 


12 


0:01 p 


1846 


89.7 


98 






68.8 


65 


NW 


6 


8:68 F 


960 


44.5 


• ■ 






58.7 


58 


NW 


11 


0:09 p 


2012 


82.7 


92 


NNW 




54.0 


71 


WNW 


6 


4:06 F 


990 


45.0 








58.7 


58 


NW 


10 


0:15 p 


2101 


38.8 


88 






54.1 


72 


WNW 


7 


4:16 F 


1112 


42.8 








59.4 


67 


NW 


11 


0:21 p 


2273 


30.6 


86 






58.9 


72 


WNW 


8 


4:28 F 


1150 


41.0 








69.0 


67 


NW 


11 



* Second meteorograph attached. 



by Google 



208 



BLUE HILL METEOROLOGICAL OBSKBVATIONS. 



Honr. 


AtDiffemtHBlgbM. 


OiiBl<»BUl,lW 


,.. 


I>u« 


AtrafcrentHelghtt. 


On BIOS 


sm,»& 


rn 


HHna 


!l 


II 


VlDd. 


S 


ll 


Wl.d. 


MMm 

.boTO 


|i 


l! 


WW. 


11 


if 


wind. 1 


IH.. 


VeL 


DIr. 


Vfl. 


DIr. 


Vfl. 


Dlt. 


V.l 


]•(». 




•F. 


p.ct 




«.p.i 


•F. 


,.«. 




m^.,. 


1S09. 




"p. 


P.c 




m.p.i 


•F. 


p.ct. 




m.p.1. 


4:84 p 
4:52 F 
6:11 p 
6:ldp 
6:26 p 
6:41 p 
6:48 p 
6:46 p 
6:56 p 


1172 
1097 
1237 
1264 
1241 
1101 
1068 
1046 
710 


40.7 
41.1 
88.8 
39.2 
30.2 
39.8 
40.8 
41.1 
46 2 








58.9 
58.4 
56.8 
66.7 
56.5 
66.4 
56.5 
56.8 
66 9 


68 
58 
60 
61 
61 
60 
60 
60 
61 


NW 
NW 




11:47 a 
11:54 a 
11:59 a 
0:33 p 
1:06 P 
1:18 p 
1:49 p 
2:36 p 
8:07 p 


2865 
2896 
2497 
2567 
2175 
2560 
2626 
3203 
3392 


41.2 
40.8 
88.9 
89.4 
42.0 
40.0 
88.7 
82.6 
32 4 




W 

W 

W 
W 


12 

12 

11 

12 
12 
12 
10 
16 
19 


70.0 
70.6 
70.7 
70.9 
71,9 
72,7 
72,7 
71,9 
72 2 


64 
63 
64 
66 
62 
62 
48 
60 


W 

WNW 

WNW 

WNW 

W 


8 
8 
8 
9 
7 
8 
9 
9 
11 


















































6:07 p 
6:14 P 
7:46 p 
7:65 p 
8:00 p 
8:00 P 


641 
646 
640 
339 
331 
196 


47.4 
46.9 
46.9 
49.6 
40.8 
61.0 








56.1 
54.5 
51.6 
51.0 
61.0 


61 
B2 
68 
70 
72 


HW 

s-v 




3:17 P 
3:45 p 
3:69 p 
4:03 p 
4:16 P 
4:26 p 


3467 
3212 
2912 
2683 
2676 
2256 


81.3 
88.0 
36.8 
87.1 
38.0 
38.8 




W 
W 

w 


17 
17 
16 
18 
14 
13 


72.3 
72.2 
71.0 
70.6 
71.1 
71.0 


44 
47 
48 
49 
47 
47 


W 
W 


10 
9 

11 

10 
9 

11 


























72 


NW 


9 


8:00 p 


16 


68.5 


68 














4:29 p 


2468 


88.8 




WNW 


12 


70.9 


47 


w 


11 


Jimoi. 




















4:46 p 


2104 


88.8 




W.NW 


12 


70.6 


47 


w 


11 


8:55 p 


16 


51.2 


89 














4:58 p 


1908 


41.8 




WNW 


14 


70.1 


49 


W 


10 


8:65 P 


196 


60.4 


85 


B8W 


7 










6:08 p 


1666 


46.7 






18 


69.8 


49 


w 


9 


8:65 p 


368 


48.9 


86 


SW 


11 


60.4 


86 


S8W 




5:20 p 


1229 


60.8 




W 


14 


69.3 


49 


w 


9 


9:00 p 


472 


48.3 


6fi 




d 


50.3 


88 


»8W 




6:35 p 


842 


66.9 




w 


13 


69.0 


60 


w 


10 


9:15 p 


607 


60.2 


6J 


waw 


8 


60.1 


91 


SSW 




6:46 p 


653 


61.8 




w 


12 


68.8 


61 


w 


9 


9:27 p 


607 


60.0 


58 




9 


49.9 


93 


ew 




6:06 p 


640 


61.1 




w 


12 


67.3 


68 


w- 


7 


10.00 p 


614 


50.7 


58 




8 


49.6 


98 


saw 




6:06 p 


196 


67.3 


68 


w 


7 










10:80 p 


497 


51.8 


51 




8 


48.7 


96 


SW 




6:06 p 


78 


69.4 


49 




3 










10:46 p 


400 


49.0 


78 




12 


48.3 


97 


9W 




6:06 p 


16 


70.7 
















11:00 p 


894 


60.0 


74 




11 


48.1 


98 


SW 




Sept.*. 




















11:30 p 


894 


61.8 


67 




11 


47.8 


100 


WSW 




10:16 a 


16 


75.4 


7' 




6 










12:00 p 


394 


61.8 


67 






47.2 


100 


wsw 




10:16 a 


78 


74.3 
















12:00 p 


196 


47.2 


100 


wsw 


6 










10:15 a 


196 


72.7 


82 


8W 


8 










12:00 p 


16 


48.7 


100 














10:16 A 


271 


70,9 


86 


SBW 


9 


72.7 


82 


sw 


8 






















10:20 A 


389 


67,6 


91 


88W 


11 


72.7 


82 


8W 


8 


9:27 A 


15 


70.4 


61 




5 










10:27 A 


619 


64,0 


97 


SW 


12 


78.4 


81 


SW 


8 


9:27 i 


78 


69.2 
















10:36 A 


871 


61,0 


99 


8W 


18 


78.8 


80 


SW 


7 


9:27 a 


195 


66.8 


67 


w 


8 










10:87 A 


936 


62,6 


8i 


8W 


14 


78.9 


80 


SW 


7 


9:27 a 


440 


62.4 




w 


9 


66.8 


67 


w 


8 


10:50 A 


1274 


69,6 


75 


8W 


13 


74.3 


80 


SW 


8 


9:29 a 


419 


62.8 




w 





66.3 


67 


w 


9 


11:36 a 


1294 


67,9 


87 




13 


74.2 


79 


SW 


9 


9:45 a 


790 


56.3 




w 


12 


66.8 


68 


WNW 


10 


0:02 p 


1746 


64.0 


7f 


SW 


10 


74.8 


79 


6SW 


8 


9:55 a 


871 


56.0 




w 


11 


66.6 


68 


WNW 


10 


0:18 F 


2174 


60.7 


78 


W8W 


18 


76.8 


71 


8SW 


9 


10:10 a 


709 


68.8 




w 


10 


67.8 


61 


WKW 


10 


0:21 p 


2466 


47.7 


7( 


WSW 


18 


76.8 


71 


SSW 


8 


10:18 a 


891 


56.0 




w 


10 


67.8 


59 


WNW 


10 


0:65 p 


2358 


50.3 


82 


WSW 


17 


76.9 


72 


8SW 


8 


10:29 a 


1285 


62.8 . . 


w 


13 


68.4 


61 


WNW 


9 


1:10 p 


2680 


46.4 


89 


WSW 


20 


76.0 


71 


SW 




10:36 a 


1406 


49.8 . . 




15 


69.0 


80 


W 


8 


1:18 p 


2762 


43.9 


9( 


WSW 


20 


74.3 


76 


SW 




10:46 A 


1649 


50.2 




w 


13 


68.8 


69 


W 


8 


1:80 p 


2958 


42.4 


86 




20 


73.2 


80 


SSW 




11:00 a 


2005 


46.5 




w 


13 


69.0 


64 


W 


9 


1:37 p 


8078 


41.0 


83 




20 


73.0 


81 


SSW 




11:06 a 


2098 


46.1 




w 


14 


69.3 


64 


W 


9 


1:60 p 


8202 


89.7 


82 




21 


72.6 


82 


SSW 




11:37 A 


2176 


42.6 




w 


12 


70.0 


64 


w 


9 


1:68 p 


2972 


41.7 


100 




20 


72.2 


84 


SSW 





Uigitzed by ViV,/ 
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Date 


AiDur 


nnl Df igbla. 




On 


B1n« Hill, 1*$ 


n 


2S 

Honr. 


AtDiatotntHel«hw. 


OnBlu.HlJI.M4 


. 1 


M«tn» 


if 


pi? 
11 


wind. 




ll 


wind. 


B«, 


11 


It 


wind. 


5^ 


If 

an 


wind. 1 


Dlr. 


Vtl. 


Dlr. 


VtL 


DIt. 


V.L 


Dlr. 


V.L 


B^pui 




•F. 


p.el. 




•np.i. 


•p. 


p.ct. 




«.p... 


1909. 




•F, 


p.ct. 




m.pj. 


-F 


p.ct. 




n..p... 


M3p 


2864 


45.9 


100. 




17 


71.0 


92 


B8W 


7 


2:42 p 


1860 


50.3 


100 


8W 


17 


66.4 


97 




ft 


2:16 p 


2611 


46.0 


100 


wsw 


20 


70.4 


93 


BSW 


7 


2:46 p 


1360 


50.8 


99 




16 


56.4 


06 




9 


2:42 p 


2218 


48.3 


63 


W8W 


17 


71.2 


90 


8SW 


8 


8:02 p 


1642 


48.7 


97 


8W 


18 


66.S 


96 




9 


2:48 p 


2128 


49.1 


69 


wsw 


17 


71.2 


90 


S8W 


8 


3:08 p 


1628 


48.9 


94 


BW 


17 


66.1 


97 




9 


2:55 p 


1720 


58.7 


69 


WBW 


16 


71.8 


90 


9SW 


8 


8:20 p 


1584 


49.8 


89 




16 


66,1 


97 




9 


832 p 


1409 


57.2 


82 


WSW 


17 


71.6 


89 


SW 


9 


8:46 p 


1417 


62.6 


88 




16 


66.2 


98 




9 


3:36 p 


1143 


69.2 


92 


wsw 


18 


71.8 


87 


9W 


9 


3:68 p 


1266 


68.0 


92 


8W 


17 


66.2 


99 




9 


3:40 p 


971 


59.9 


99 


waw 


20 


71.8 


88 


WBW 




4:08 F 


1207 


68.5 


97 






66.3 


99 




9 


3:41 p 


1077 


67.6 


100 


wsw 


21 


69.8 


88 


W9W 




4:18 p 


964 


66.8 


89 


BW 




66.3 


100 




9 


3:42 p 


944 


69.7 


100 


wsw 


18 


69.6 


88 


WSW 




4:30 p 


661 


66.4 


100 


BW 


16 


66 6 


100 




a 


3:52 p 


654 


64.2 


74 


w 


13 


69.6 


74 


w 




4:38 p 


543 


56.7 


100 


BSW 


16 


66.6 


100 




ft 


4:02 p 


872 


67.4 


72 


w 


10 


69.4 


75 


w 




4:40 p 


397 


66.3 


100 


s 




66.6 


100 




ft 


4:04 p 


870 


66.7 


79 


w 


10 


69.3 


76 


w 




4:40 p 


196 


66.6 


100 


B 


9 










4:04 p 


195 


69.8 


76 


w 


8 










4:40 p 


78 


68.6 
















4:04 p 


78 


71.8 
















4:40 p 


15 


68.6 


flfl 


. . 












4:04 p 


16 


70.8 


76 




2 










D«c,«, 

0:86 p 


16 


48.2 


47 




4 










8:21 i 


15 


66.8 


61 














0:86 p 


78 


40.9 
















8:21 A 


78 


64.8 
















0:86 p 


195 


89.8 


&1 


WKW 


6 










8:21 i 


195 


63.6 


68 


iraw 


6 










0:86 p 


392 


86.6 


64 




6 


89,3 


61 


WNW 


6 


8:21 A 


888 


60,7 


64 


N 


7 


68.6 


68 


NNW 




0:44 p 


627 


88.6 


67 


WNW 




39.3 


61 


WNW 


8 


8:83 A 


640 


46.7 


67 


NNE 


8 


68.6 


66 


MKW 




0:61 p 


678 


32.6 


60 


WWW 


7 


39.3 


61 


WNW 


7 


8:46 a 


719 


46.1 


64 


NNK 


7 


68.9 


63 


NNW 




1:08 p 


713 


30.9 


64 




7 


89.4 


61 


WSW 


7 


9:04 A 


764 


45.9 


66 


NNK 


7 


64.8 


62 


NNW 




1:28 p 


985 


27.3 


71 


WNW 


8 


39.4 


60 


WNW 


7 


9:21a 


586 


48.4 


68 


NNK 


6 


66.5 


62 


N 




1:30 p 


612 


32.3 


66 


WNW 




89.4 


50 


WNW 


6 


9:46 a 


492 


61.0 


66 


NNE 


6 


66.8 


62 


N 




2:08 p 


1086 


28.9 


67 


NW 




89.1 


49 


NW 


6 


9:46 a 


196 


56.8 


62 


N 


4 










2:17 p 


892 


29,6 


60 


WNW 


6 


89.1 


49 


NW 


6 


9:46 a 


78 


56.9 
















2:41 p 


810 


30,6 


67 


WHW 


e 


88.8 


60 


NW 


5 


9:46 a 


16 


69.9 


66 














2:57 p 


1082 


20.2 


64 


NW 


6 


88.8 


60 


NNW 


6 


NOT.fl. 




















8:10 p 


063 


20,1 




NW 


6 


88.0 


60 


NNW 


4 


2:20 p 


16 


69.0 


88 














3:18 p 


666 


32.7 


67 


NW 


6 


88,1 


60 


NNW 


4 


2:20 p 
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BLUE HILL MEtEOROLOGICAL OBSERVATIONS. 



REMARKS. 

The weather conditiona on the days of the kite-flights may he found in t^e daily 
ohservations in these Annals, Vols. XLII and XLIII. Below are given the kind and 
amount of cloud prevailing during the kite-flights and the latitude and longitude in 
degrees of the nearest maximum or minimum of pressure as shown by the charts 
of the United States Weather Bureau and Hydrographic Office. Both maximum 
and minimum are given when nearly equally distant. The longitudes are from 
Greenwich. The positions are approximate, and hy interpolation are made to 
correspond as closely as possible with the time of the maximum height of the 
kite. 



xs&v. 



Bfucb 6 



. Sky covered with k aheet of AS. Minimum in 

the TiciniQr of Newfoandland (60 N, B6 W)? 

M&rch 13. S^ clear except a trace of CS. Hiniiniini 

48 N, 60 W. Maiiiniuii 48 N, 83 W. March 16. 

Sky clondlew. Maziiniin) i6 N, 82 W. March 28. 

Sky clear except for ft few CS and CCa Increasing 
toward evening. Minima 38 N, 86 W, and 46 S, 64 W. 
March 31 . CI. Marimnm 49 N, 81 W. 

April 6. Sky about lialf covered with SCn and CaN. Mini- 

nmni 47 N, 68 W. April 11. Sky covered icith 

low SCa clearing away daring the flight. Maximoni 

43 N, 82 W, moving lonib. April 13. Sky pai^ 

dally covered with CS and AS. Madmnm 44 N, 63 W. 

April 16. Sky clear eicppt for a few C. Minima 

43 N, 83Wand47N, 64W. April 21. Skyclood- 

leu. Hazimiim 36 N, 74 W. 

H^ 1. N 10. ATinininm 37 K, 80 W. Manmnm 47 N, 
67 W. 

June 26. Cn 4, decreasing in amount and changing to ACn. 

Maximnm 44 N, 84 W. Jane 28. Few C. Mazi- 

mnm 39 N, 74 W. 

Joly 28. At the beginning of the flight there were low PrS, 
a middle level of ACn aod lome CS at a high level. The 
lower clonds quickly disappeared, bat the CS iocreued 
in extent and denei^ and becune AS by 6 p.m. Bain 
followed on Ihe early morning of tbe 2ilh. Minimum 

47 N, 76 W, July 26. ACa 8 to 9, above which 

were CS iDcreaaing in amount. Minimum 42 N, SI W. 
Maximum 48 N, 64 W. 

Aug. G. Sky covered with N which began to break about 
noon and ihow a complex cloud aheet of C, AS, and 

SOn. Minimum (secondary) 38 N, 71 W. Aug. 

17. Cu 9 at 3 P.M., clearing away entirely by 9 p.m. 

Maximnm 37 N, 83 W. Aag. 27. FrCn 4 and 

C 5 at the beginning of the Bigbt. These decreased and 
diuppeored so that the sky was cloudless by 8 p.m. 
Hinimnm 48 N, 76 W. 

Sept. B. Sky clondless. Maximum SS N, 76 W. 

Sept. 6. FewC. Maiimum38N, 78 W. Sept. 7. 

C81to3. MaximDm46N,70W Sept.8. ACu4 



from 11 j..M.to2p.M. At 2 p.m. low SCu began to drift 
in and soon covered the sky witb a uniform sheet. Maxi- 
mum 87 N, 72 W. Sept 8-9. Dense fog during 

the night, but cleared away between 6 and 7 a.m., leaving 

the sky cloudless. Maximum 3S N, 77 W. Sept. 

10. C 8 to 6. Minimum 46 N, 61 W. Maximum 37 N, 

82 W. Sept. II. CuN 8. Maximum 65 N, 82 W. 

Sept. 19. Few FrCu and ACn, bnt sky nearly 

clear. Minimum 43 N, 72 W. Sept. 28, Sky 

clear except one or two FrCu. Maximnm 43 K, SO W. 

Oct. 9. A few FrCu from 10 a.m. to I p.m. and a few C 
from 4 r.K. to 9 p.m., otberwiie clear. Minimnm 48 N, 

62 W. Oct. IE. Sky clear except for a few C. 

Maximnm 36 N, 78 W. 

Nov. 10. C 1, decreasing in amount and disappearing by 
7 P.M. Minimum 48 N, 67 W. 

Dec. 9. ACu 6 to 10. Maximum 46 N, 61 W. Minimum 

47 N, 87 W. 

18&S. 

April 26. SCd 8 diminishing to 8 by the end of the fli^t. 
Maximum 47 N, 88 W. Minimnm 38 N, 88 W. 

May G. Dense AS 7 to 10. Hun began at 6.44 p.m. Mini- 
mum 36 N, 82 W. May 9. CS 8 to 6. Minimum 

88 K, 64 W. May 17. CuN 8 al tbe beginning of 

the flight. These quickly disappeared, leaving a high 
sheet of 08. Minimnm 47, 67 W. Maximum 42 N, 

81 W. May 19. CS 8 to 7. Minimum 47 N, 

82 W. Maysa. Festoon AS or SCu 9. Minimnm 

48 N, 82 W. Maximum 48 N, 65 W. May 26. 

Dense fog and steady light rain, Minimnm 36 N, 71 W. 

May 27. Dense fog. Minimum 41 N, 68 W. 

May 31. SCn 8. Maximum 43 N, 81 W. 

Jane 2. N 10. Occasional light run. MiniramnSSN, 72 W. 
June 8. C and CS increasing from 2 lo 8 . Maxi- 
mnm 36 N, 71 W. Hinimnm 47 N, 76 W. Joae 

18. C and CS increasing from 3 (o 7. Maximum 42 N, 

68W. June 20. FrCu and SCu 4 to 7, and a sheet 

of C Increasing in quantity. Minimum 46 N, 69 W, 

Maximum 38 N, 87 W June 24. AS changing 

through ACu to CCn and CS and dimioishing in quantity 
from 9 to 6. Maximum 33 N, 77 W. 
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, 8k7 clear except for * few C. MaxiiDDni 4T N, 

tl8 W. July 23. Cu 6 Bt the beginning of the flight ; 

CCaand CS 3 to 4 from 4 p.h. to tl P.M. MaiimDm 

48 N, G8 W. July 33. Clear eicept for a few C 

andfogOTerthelowlandf. AbontT a.m. began clouding 

over with SCu. Maiimnm 47 N, 64 W July 29. 

C and CnN 1 to 2. Minimam 48 N, 73 W. 

Aug. S. CS 7 to 9. AfMr 8 p.m. S 10. MinJmun) 47 N, 

69 W. Aug. 6, Cu 6 at 8 p.m. diminishing in 

MnouDt and disappearing by 7 p.m. Maximum 38 N, 
81 W. — Ang.6. CSdecreaiingfrom6to2. Maxi- 

mnm 86 N, 78 W. Aug. 36. Cu and CuN 4 t« 7. 

Hinimnm 46 H, 73 W. Aug. 26. CS and FrCu 2 

to 7. Minimum 48 N, 68 W. Aug. 31. AS and 

ACu diminishing from 9 to S. Maximum 33 N, 73 W (?) . 

Sept. 10. CS and SCn 9. Maximum 48 N, 82 W. 

Sept. 11. Clear eicept for a few C. Maximum 43 N, 

saw. Sept. 21. Cu and SCa3 to4. Maximum 

43 N, 73 W. Sept. S3. CS increasing from 8 to 

10. Maximum 37 N, 68 W Sept. 23. ACu and 

N 8 to 10. Minimum 44 N, 78 W. Sept. 34, 

NIC with light rain. Mimmnm41 K, 66 W. Sept. 

80. Cloodleii. Maximum 38 N, 78 W. 

Oct. 31. SCa changing to ACa and diminishing from 8 to 3. 
Maximum 37 N, 86 W. 

Not. 7. Cu 7decreMing and diuippearing by 6 p.m., learing 

the sky clondleii. Maximum 86 M, 79 W, Not.8. 

CS 3 to 8. Maximum 37 V, 75 W. Not. 34. N 10 

with li^t r^n and fog. Minimam 71 N, 48 W. 

Not. 35. FrCa 1 at 3 p.m., diiappeariag by 4 p.m., 
leaTlng the sky cloudlew. Maximnm 86 N, 79 W. 

Jan. 11. Sky clear, excepting a few C. Maximum 47 N, 

77 W. 

Feb. 28. S p.m. CS and FrCu 8, decreasing In amount and 
disappearing by 7 p.m. Minimam 48 N, 83 W. Max!- 

mnm43N,86W. Feb.24. CS8to7. Maximum 

47 N, 83 W. Feb. 25. Sky cloadless, excepdng a 

few C. Maximnm 47 N, 78 W. Feb. 27. N 10 

changing to AS which rapidly decreased in amount. 

Minimum 48 N, 78 W. Feb. 28. CS increanng 

from 1 to 10 and changing to AS. Minimum 47 N, 
74 W. 

March 38. N 10 with aleet and light rain. Minimum 42 N, 

78 W. Maximum 44 N, 63 W. 

April 36. Clear, excepting a few C. Maximum 41 S, 71 W. 

AprU 39. C 1. Maximom 38 N, 73 W. 

April 80. SCn changing to ACn which diminiihed rapidly 
in amount and disappeared by noon. Maximnm 87 N, 
73 W. 

May 23. CCu 7 changing t« ACn. Madmnm 49 N, 86 W. 

May 28. CS and CCn 3. Maximum 46 N. 83 W. 

May 24-26. Cloudless. Maximum 89 N, 72 W. 

May 25. FrCu 1 disappearing by 7 p.m., leaving 

the sky cloudless. Maximum 38 N, 72 W. May 

36. Cd and CS 8 to 6. Maximum 34 N, 78 W. 

May 36-27. Cloudless. Maximnm 31 N, 79 W. 

HiV>7,6p.M. CS 4 incTeaaingiuamountand'Cu4dim- 



inishing. The Cu disappeared by evening, but the CS 
developed into a sheet of AS which covered the eiy 
dnring the night. Minimum 43 N, 89 W. 

June 14. Cu 5, followed by a thnnderslArm at 4.35 p.m. 

Minimum 44 N, 86 W June 20. FrCu and AS 

increasing in amount, and followed by CuN and a 

thundershowerate.SSp.M. Minimum 47 N, TG W. 

June 21. Record lost. Kite entered cloud at a height 
of 2370 metres. 

Aug. 28. 8 10 followed by light rain beginning at 5.15 p.m. 
Maximnm 48 N, 63 W. 

Sept. 4. Clear, except a few FrCu and some C appearing 

about 6 P.M. Maximum 46 N, 78 W. Sept. 5. 

CSand AS 9 disappearing dnring the evening. Minimum 

47 N, 77 W. Maximum 43 N, 64 W. Sept. 6. 

Cu 1 to B. Minimum 43 N, 68 W. 

Oct. 31. N 10 with light r^n increanng in iotensi^. Hini- 
mnm 86 N, 78 W. 
Nov. 3. CS 1 to 8. Maximnm 46 N, 81 W. 

lOOO. 

Jan. 30. CS 1 to 6. Minimum 48 N, 73 W. 
Feb. 6. N 10 with light snow. Minimum (secondary) 46 
N, 73 W. Feb. 8, N 10, heavy rain, Hinimnm 

48 N, 79 W. Feb. 10. CS 10. Maximnm 49 N, 

74 W. 

May I. Record lost. Kite reached height of 8006 metres. 

June 18. CS and SCn 6. Maximum 49 N, 84 W. Mlni- 
mnm34N,78W. June 18-19. C83to8. Maxi- 
mum 46 N, 83 W June 19. CS 8. Maximum 

43 N, 81 W. Minimum 34 N, 68 W. June 31. 

C 1. Maximum 33 N, 77 W. June 33. CuN 5 to 

9. Severe Ibunderstorm, with rain and bail, began at 
1.42 P.M., immediately after the landing of the Idles. 
Minimum 44 N, 63 W. 

July 17. ACu changing to CCa and diminishing from g to 1. 

Minimnm 49 N, 82 W. July 18. CCu increanng 

and followed by CuN, with rain and thunder beginning 

at 3.36 P.M. Minimum 46 N, 70 W. July 19. 

CI to 3. Maxiroam 43 N, 74 W July 30. ACu 

decreasing from 9 to 4. Maximnm 44 N, 66 W. 

July 31. AS 10 changing to ACu. Also some ACn at a 
lower level. Minimnm 47 N, 71 W. Maxima 42 N, 
86 W and 48 N, 60 W. 

Aug. 21. FrCu 3, disappearing by 8 p.m., leaTing the sky 
cloudless. Thin S appeared abont 9 p.m. Maximum 
48 N, 77 W. Minima 84 N, 77 W and 4B N, 68 W; 
kite-fligbt in the ridge of high pressure between the 
minima. 

Sept. 18. A3 10 changing to ACu by 2 p.m. «ud soon disap- 
pearing ; also SCn reaching a maximnm of 7 at 8 p.m. 
and disappearing by 7 p.m., leaving the sky cloudlesa. 
Minimum 43 N, 65 W (Blue HiU was near the centre of 

the minimum at the beginning of the kite-flight) . 

Sept. 19-20. CS increasing from to 7 and dcTeloping 
by the cTening of the 20 into a low cloud sheet. Maxi- 
mum 41 N, 68 W (Blue Hill was near the centre of the 

maximum at the beginning of the Mie-fligbt). 

Sept. 10. CCu changing to ACn and AS which developed 
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lawr into N. Muimam 43 N, 63 W. Miiiimom 47 

87 W. Sept. 21. AS 9 to 10. (T^ 

grapbi «ent Dp od the kite win U & coasiderable diMuice 
■put OD the 20th uid 21M.) Minitnum 17 N, 73 W. 
Dec. 34. SCn 8 cleuing »w»y. Minimom 46 N, 79 W. 

HajLimDm 38 N, 81 W. Dec. 37, 2 p.m. to 9 p.m. 

C 1 diBBppeuiDg by 9 p.k.i leKving the tkj cloDdleaa. 

Huimnm 88 N, 77 W. Dec. 3$. N with maw. 

HiDimum 44 M, 74 W. Dec. 29. Clto6,diMp- 

pearing hj 7 f.h. Mujmnm 87 N, BS W. 

l&Ol. 

JoD. 38-29. SCa 9 chugiDg |o AS wd ACd which diiKp- 
peued abont 9 a.m. of the 29th, leaviDg x few C at a 
higher leTel. MIdIiddid 60 N, £8 W. 

Haich 7. FtCn and ACd 4, decreaging to 1, and disappear- 
ing b; Sp.k. Maxtnom 83 N, 78 W. March 22. 

Cd aod SCn A to 9. Uaxinom 33 N, 77 W. MinimDiD 

48 N, 62 W. March 23. C 1 to 2. Mazimnin 38 

N, 73 W. March 36. AS, SCd, C and CS 8 to 7. 

MaximDm 48 N, 68 W. Hioimnra 43 N, 89 W. 

Oct. 33-23. CS and AS 6 to 8. Mlnironm GO N, 67 W, 
moving very slowly toward SB. 

Hov.8. SCnBtolO. Mininwun*6N,6* W. Not.9. 

ACn chaDging to AS and N, with rain beginning at 4.09 

p.*. Minimom (lecondwy) 46 N, 71 W. Not. 

30. SCuaiM]Cn9,decre»MngaaddiMippearingb73p.)i. 
Also a few C. Maximnm 38 N, 81 W. 

Dec. fi. CloadlOBB, except « trace of C between 4 and G p.h. 
Mazimom 48 N, 78 W. 



Jan. 9. CS 1 to 6. Minima 47 N, 67 W and 46. K, 84 W; 
kite-flight made in ridge of liigh prewnre between the 

Feb. S-6. C trace to 3. Some 80u between 4 and G p.m. of 
the 6th. MaziinDm 88 N, 76 W. 

Hareh 6. N 10 with snowfall increasing in intensi^ througb- 
ont the flight. HinimDiu 88 N, 74 W. 

April 8. SCd 7 to 9 between 10 a.m. and 6 p.m., bat after 
that time rajddlj decreasing in amooDt. MinimnmSON, 
62 W. Maximam 82 N, 68 W. 

Ha7 1. N 9 with light showers, ending about 1 p.m., after 
which the clonds changed to SCn and slowly decreased 
in amonnt, disappearing during the evening. Two 
meteorographs on kite Une. Minimum 43 N, 68 W. 

June 6. Sky cloudleM. Maximum 46 N, 76 W. 

Jul; 3. Record lost. After the Instrument had reached the 
height of 3664 metres and entered an AS eland sheet, 
the kites broke ofF and drifted ioto the sea. 

Aug. 7. C and Cn 1 to 7. MinimDm 49 N, 67 W. 

Sept. 4. SCn 9 changing to N and CoN, with Ught sbowen 
between 2 and 4 p.m. Great increase in pull while the 
kites were in the shower clouds. Minimnm 48 N, 73 W. 

Oct. 4. C 4. Maximum 4* N, 73 W. Oct. 7. Kites 

and instrnment broke awa; and drifted to tea after 
reaching a height of abont 6000 metres or higher. 

Not. 6. N 10 with showers. Minimum 47 N, 7S W. 

Dec. 4. CS 9 to 10. Minima 46 N, 69 W and 34 N, 86 W; 
kite-flight made in ridge of high pressure between the 
two minima. Hazimnm 48 N, 84 W. 
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TABLE XIV. 

RESULTS FROM THE KITE METEOROGRAPH OVER THE ATLANTIC OCEAN. 

Wind directione and velocities tie reBoIUntt corrected for the motion of Ihe ship. 
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AtDUbrtntHdshM. 


On Decli of Ship. 
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REMARKS. 



Aug. S2. Kite-Sight made from tUe deck of • tug-boU in 
MMaftL'hatetU B»,y. Boat inoving in vaTying directions 
with veloeitieB vaiying from to 4 m. p. e. Two flights 
were made, one in the morning and another in the after- 
noon. Sky partly covered with low ACu daring flight, 

Maximom 47 N, 63 W. Aug. 28. Flight from the 

deck of ocean (leamer "Commonwealth" going N 84 
E (trne), 8 m. p. t. (15 knot«). Barometer 767 m.m. 
Water temperature 68°. Light C ahout 2 all day. This 
and the anhseqaent flight! in Auguit were made within 
an area of high pressure moring from NewfoundUod 

toward the Azorea. Aug. 39. Steamer going N 

S4 E, 8 m. p. B. Barometer 766 m.m. Water tempera- 
ture 69°. C 2 and some FrCu in SE. In coming down, 
the cord on the kites was found to be damp. Aug. 



30. Steamer going N 78° E, 8 m. p. b. Barometer 
764 mm. Water temperature 68°. ACu or SCu 8 at 

the beginning of the flight. Clear at end of flight. 

Aug. 81. Steamer going K 67° E, S m. p. b. Barometer 
766mm. WalertemperatureB,10ik.K..60°; 4p.ii.,61°; 
Sp.m., S6°. Air temperatures, 10 a.m., S9°.e; 2:45 p.m., 
es^fi; 6 :06 p.m., 59° .0; 8p,m.,68°. At 10 a.m., foggy 
with rain; 4 :34 p.m., low SCu G moTing from K, low 
send (FrCn or FrN), also fog in W.; 6:56 p.m., light 
fog; S P.M., C from E, some fog. 
Sept. a. Steamergoing N 85 E, 8 m.p.s. BarometerT61 mm. 
Water temperature 63°. 4:03p.m. fair; 4:80p.m,SCu 
8 ; 4 : SO p.m. S. 10 ; 8 p.m. SCo from SE. Minimum 
43 N, 17 W. 



H. B. The following symbols deacribe the different cloud forms : C = cirrus, C Cu=<drTO-cumnlns, A Cn=alto- 
cumuluB, AS = alto-BtrataB, Cu = CQnttiluB, S Ca = strato-cumulnB, Fr Cu=fracto-camu1ns, On N= cumulo-nimbus, N = 
nimbus, Fr N=tracto-nimbus, Ssstratos, FrSsfracto-stratns. Numer^B following the aymbola indicate amounts of 
cloud on a scale of to 10. 
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KITES AND INSTRUMENTS EMPLOYED IN THE EXPLORATION OF THE 
AIR, AT BLUE HILL OBSERVATORY, 1897 TO 1902. 

By S. p. Feeoussor. 



iNTftODUCTION. 

An account of the exploration dl the air by means of kites at Blue Hill ObBer- 
vatory in 1894, 1895, and 1896 appeared as Appendix B, in the Annals of the 
Astronomical Observatory of Harvard College, Vol. XLII, Part I. A further account, 
chiefly a description of the apparatus employed in 1897 and 1898, appeared as an 
article in the Scientific American Supplement for March 3, 1899, and later was 
reprinted aa Bulletin No. 3, 1899. The meteorological results have been discussed 
by Mr. Clayton in Vol. XLII, Appendix B, of the Annals of the Astronomical 
Observatory of Harvard College, and in Bulletins of Blue Hill Observatory, No. 2, 
1898, and No. 1, 1900. The present paper describes the progress of the work 
since 1898. 

The work has been under the general direction of Mr. Eotch j Mr. Clayton has 
conducted the experiments with kites and the discussion of the records, Mr. Sweetr 
land has assisted in the kite-flights and the reduction of the records, while the writer 
has had charge of the instruments and appliances for flying kites. Mr. Otto Knopp, 
late assistant at the Aeronautical Observatory of the Royal Prussian Meteorological 
Institute, aided in designing and constructing apparatus from December 30, 1901, 
to February 23, 1902. The cost of the kites and apparatus from 1897 to 1901 
was partly defrayed by grants of money from the Hodgkins Fund held by the 
Smithsonian Institution, Since 1901, the entire expense of the investigation has 
been borne by Mr. Botch. 

Kites. 

Materials Employed in the Coiiitruction of Kites. — For kite frames, spruce wood 
has been used since the beginning of the work, and, though other materials hare 
been tested, this has proved best. All the wood' used is selected with great cwc, 
and after the sticks are made, all having knots or other defects are rejected. At 
least 30 per cent, of the completed sticks are too defective for use, and altogether, 
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the loss amounts to about 50 per cent, of each lot of timber purchased. From 
1897 to 1901, the sticks were furnished by Mr. George A. Young, whose knowledge 
and skill were of great value. Since 1901 this work and that of constructing the 
kites has been performed by Burke Brothers of Boston. 

The ideal covering for kites should possess great strength, small weight, a smooth 
surface, and should be so closely woven as to be nearly impervious to air. In the 
following table are given the widths and relative weights of the different fabrics 
used in covering kites at Blue Hill: — 

TABLE XV. 
COVERINGS FOB KITES. 



F.brtc. 


WWlbr./|)i»ce. 


Weighl per Minnrc inctre. 




51 to 91 

69 
76 to 91 
76 to 91 

91 

91 

122 

122 


31.2 
62.4 
62.4 
70.9 
62.4 
70.9 
130.4 
70.9 


Pure ratr silk 

















China silk is the lightest and strongest material that has been tried, and was 
used on all the kites constructed in 1899 and 1900. This fabric is not closely woven, 
and to render it impervious to air a thin coating of varnish was necessary, the most 
satisfactory of the varnishes tried being " Pegamoid bright metal protector," which 
resembles shellac, but is more elastic, is very light, and dries quickly. The effect 
of all the varnishes is to increase the weight of the cloth from 50 to 100 per cent., 
also to render it brittle, and, in time, weaken it so that it is easily torn. Silk, 
when varnished and stretched over the frame of a kite, is almost as easily torn or 
punctured by sharp objects as paper; and this liabiUty to accident, and the great 
cost of the silk and varnish led to abandoning it as a kite covering. The same 
objections apply, in a lesser degree, to fine nainsook. The balloon fabrics are closely 
woven and do not require varnish, but are heavy. Silk percaline is the closest 
woven of the light cotton clothb, requires no varnish, is very strong, and has a 
smooth surface. It has proved an excellent material for covering kites, and has 
been used since 1900. 
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Construction of Kites. — In Plate I are given details of the large Clayton-Hargrave 
kite which has been used in nearly all the flights. Plate I, Figure 1, shows the 
kite in the position of flying, and Figure 4 shows the method of operation of the 
elastic bridle and the methods of attaching the meteorograph. Plate I, Figures 2 
and 3, are cross-sections, respectively, of the smaller and larger sticks, and Plate I, 
Figures 6, 7, and 8, show Mr. Young's method of joining the sticks. All the vertical 
and lateral sticks of the kite are of the form shown in Plate 1, Figure 2, this form 
having been found by Mr. Chanute to present less resistance to the wind than others 
when the round side is placed toward the wind. The sticks are carefully fitted 
together and coated with glue and then lashed together with strong shoe thread, 
the strands of which are wound many times around the joint. This joint is very 
strong, requires less space than a metallic joint, and adds less to the weight of the 
kite than any other method of joining tried. Plate I, Figures 9, 12, 13, and 14, 
show the method of constructing the curved surface now forming an essential part 
of all the kites. A number of blocks of wood, B, B, of suitable fonn are firmly 
secured to the outer edges of the front cell of the kite frame, and to a cross stick, 
/, which prevents lateral distortion of the kite at the side of the cell. The stick, E, 
supports the covering of the kite. A piece of wood veneer (usually spruce) about 
two millimetres thick (Plate I, Figure 12) is lashed over the front edge, the com- 
pleted structure appearing as shown. in Figure 14. The joints are made up with 
shoe thread and glue in the same manner as the other joints in the frame. After 
the wooden frame is completed it is strengthened by means of steel wire guys 
running diagonally across every open space in the kite. The position of the guys 
is shown in Plate I, Figure 1. The cloth covering is pasted to the frame and is so 
attached as to pass above the wires, thus preventing injury to the cloth when it is 
under pressure. The bridle employed is shown in Plate I, Figures 1 and 4. Three 
strong cords extend from the lower rear edge of the front cell and, at a distance 
of about three metres from the cell, are secured to one end of the elastic cord, F, 
the other end of which is lashed to a ring for convenience in attaching a flying line. 
From this ring extends a fourth cord {usually a fine wire cable) which is secured 
to a bowsprit, E, projecting about two thirds of the width of the cell in front of it. 
In moderate winds the angle of incidence of the kite is about 15° to 20°, but in 
strong winds the elastic stretches and allows the kite to become more nearly 
horizontal, as shown by the dotted figure in Plate I, Figure 4. The bowsprit is 
necessary in order that the centre of pressure, in strong winds, may change from 
near the centre of the front cell to a point nearer the front edge of the kite, the 
change being made automatically by means of the elastic bridle. 
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Different Patterns of Kites Tried. — With the exception of the Lamson kites 
and of the experimental forms shown in Plate II, Figures 22 to 25, all the Hargrave 
kites employed at Blue Hill since 1897 have been of the construction just described. 
The dimensions and other data are given in the following table. The weight 
includes that of the bridle and accessories, which amounts to about 0.3 kilogram: 

TABLE XVI. 

DIMENSIONS AND WEIGHTS OF KITES. 



VuilMrof 
Kite. 


LragtbofKiic. 


width .fKll*. 


DtptboTCdl. 


width or ou. 


Llfthi«Sntf«e. 


Tot^Wtlghtof 


Weight per .flu.™ 

iDetreorLldhig 

Surihee. 




Mtlrtt 


MitriM 


Uttn, 


Jltlrt, 


Sv. Hunt 






1 


1.62 


1.22 


0.48 


0.48 


2.17 


1.69 


0.860 


6 


1.88 


1.69 


0.68 


0.61 


8.68 


1.67 


0.600 


9 










8.72 


2.69 


0.728 


14 










6.60 


6.36 


0.962 


15 


a.49 


2.01 


0.76 


0.91 


6.82 


8.16 


0.600 


1« 


2.66 


2.44 


0.91 


0.8< 


8.48 


6.16 


0.618 


17 


1.44 


1.68 


0.S8 


0.88 


2.02 


1.36 


0.673 


30 


2.M 


2.18 


0.79 


0.81 


6.88 






il 


1.68 


1.67 


0.48 


0.42 


2.69 


1.64 


0.628 


tl2 










9.00 


6.80 


0.756 



The lifting surface is the total sufaoe minus the side or vertical planes. The 
dimensions as shown in Plate 1, Figure 1, ar^ measured thus: A B \s the width 
and O D the length of the kite; ^ O is the depth and C F the width of the ceU. 

All excepting the two Lamson kites, Numbers 14 and 22, are of the Clayton- 
Hai^frave pattern, of which Number 16 was the largest constructed and which, 
proving too lai^e for convenient handling, was not duplicated. Number 15 was more 
easily handled, and proved so satisfactory that all the large kites made since 1899 
(about fifteen in aU) have been of approximately the same dimensions. Curved 
surfaces, of the construction shown in Plate I, were placed on Number 15 in 1899, 
which increased its weight to nearly five kilograms ; and the fact that all the kites 
since 1899 have been built with curved surfaces explains the apparently excessive 
weight of Numbers 17, 20, and 21. The Lamson "aerocurve" kite resembles the 
Hargrave kite in principle, but in constnictlon is different. Instead of the square box 
cell of the Hargrave kite there are provided two pairs of curved wings or surfaces, 
which are stretched, by means of wire in their edges, over struts or ribs extending 
nearly at right angles from the central truss or spine of the kite. Intermediate 
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vertical Btnite held by wire guys insure rigidity in all directions, and stability is 
obtained by means of three vertical surfaces between the wings at each aide of the 
central truss. Properly speaking, there is no rear cell, this being replaced by a tail 
or rudder resembling two Eddy kites placed one above the other. Kite Number 14 
waa provided with two, and kite Number 22 with three, superposed lifting surfaces. 
Both kites are very efficient and are provided with devices for adjustment in cobg 
they fly badly. Number 14 is very stable, but Number 22, being very heavy in 
front, is liable to fly badly in variable winds. The chief defect of these kites is 
their excessive weight (respectively, 0.962 and 0.756 kilogram per square metre) 
which prevent* their use except in winds exceeding 7 metres per second. Another 
fault is their liability, on account of the large number of projecting comers, to 
catch on the main line, when flown anywhere except at the end of the line. 

Many experiments have been made by Mr. Clayton to devise a simple, light, and 
strong structure, two of which are illustrated in Plate 11, Figures 22 to 25. Figure 22 
is one of the small folding kites sold in the market under the name of " Blue Hill 
Naval Kitea." By lashing a number of these kites together, as shown in Figure 23, 
a single kite of considerable surface and lifting power may be made, without 
increasing the weight per unit of area. The defect of the large kite, however, is 
that the strains are not equally distributed and it is necessary to strengthen, not 
only the sticks to which the bridle is secured, but also the diagonal struts within 
the cells ; and, when made sufficiently strong and rigid by the additional sticks and 
braces, the kite is heavier and less efficient than the structure shown in Plate I, 
Figure 1. 

In Figures 24 and 25, is shown a kite frame without wire guys. It is formed of 
wooden hoops secured to a light frame work of sticks, the whole making a light, 
rigid structure. Small kites may be easily and quickly constructed in this manner, 
but a very serious defect of such a structure is the difficulty in case the hoops are 
broken of making suitable repairs. 

Efficiency of Kites. — Assuming uniform conditions of stability and good con- 
struction, the kite that flies at the highest angular altitude above a horizontal plane 
is the best for reaching great heights. The line required for the purpose of reaching 
any definite height will be shorter and therefore lighter than that necessary for a 
kite flying at a lower angle, and, moreover, the kite flying at the highest altitude, 
having less weight to lift, could be made smaller. Any additional pull desired may 
be obtained by increasing the Ufting surface of the kite. In 1896 Professor Marvin 
published a method of determining numerically the efficiency of the kite, but this 
method has been found to be unsatisfactory when applied to flat surfaced kites, and 
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apparently it fails entirely when applied to kites with curved surfaces and fitted with 
elastic bridles. The measurement of the angular altitude, as a test of efficiency, has 
been employed at Blue Hill since the beginning of the work of exploring the air, and 
has been found quite satisfactory. Eaoh test consists of ten or more measurements 
of the altitude reached by the kite when flown from a short line, usually less than 
100 metres in length. The measurements are made with a transit at regular 
intervals of a minute or half minute, and at such times as the wind is steady and 
sufficiently strong to support the kite at its maximum altitude. Kites of the same 
construction and dimensions usually fly at nearly the same altitude, and it is 
unnecessary to determine the efficiency of every kite of the same pattern. In the 
following table are given the mean angular altitudes reached by the different 
patterns of kites employed at Blue Hill : — 

TABLE XVII. 
EFFICIENCY OF KITEB. 



Kiw. 


OhMTTMloiB. 


Mun Aldmde. 


LenjtlhofLlji.. 
Met™. 




Clayton-HargraYe No, 1 

do. No. e 


10 
10 


52.9 
54.7 


100 
60 


Fl&t lifting aurfitces. 
do. 


do. do. 


10 


53.0 


60 


do. 


do. No. 9 


10 


54.3 


40 


do. 


Luuoo Aaroouye No. U 


6 


58.5 


800 


Arched lifting anrfacea in front cell. 


Clayton-Hargrave No. 15 
do. do. 


10 
10 


55.0 
66.1 


33 


Carrying inetrument weighing 1.8 
Jtilograma. 
Flat lifting anrfacea. 
do. 


do. No. 16 
do. do. 


10 
10 


57.2 
60.4 


38 


All lifting anrfacea cnrved. 
do. 


do. No. 17 
do. do. 


10 
10 


60.4 
66.8 


60 
60 


3 rigid cnrred lifting anrfacea. 
do. 


do. No. 19 
do. No. W 


10 
10 


64.0 
58.4 




2 rigid cnrred lifting anrfacea in front 

cell only. 
1 rigid curved lifting anrfftce in front 

cell. 


do. No. 27 
Nino toot Eddy No. 8 


10 
10 


64.1 
59.1 




Two cnrved lifting anrfacee. 
Deacrihod iii"Eiplor8tionoftbeAip." 



The lifting surfaces of kites Numbers 1, 6, 9, and 15 were flat. Those of the 
Lamson kite, Number 14, were curved approximately as shown in Plate I, Figure 10. 
The edges were stiffened with wire and the form of the curve was obtained by_ 
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tacking the covering over curved wooden ribs. The greatest depth of the curve 
was about one tenth of the width of the surface, and situated about one third of 
the width of the surface from its front edge. The surfaces of kite Number 16 
were curved in neariy the manner as those of the Lamson kite, but the covering 
was not made fast to the curved sticks. Both surfaces of the front cell and the lower 
surface of the rear cell of Number 17 were curved and stiffened as shown in Plate I. 
When first constructed this kite was rather unstable and did not fly steadUy until its 
length was increased to 1.44 metres, and after this change, its efficiency was smaller. 
In Number 19 only the surfaces of the front cell were curved, and the efficiency of 
this kite proved to be greater than that of kites having three or four curved surfaces. 
Accordingly, flat surfaces were substituted for the curved surfaces in the rear cells 
of all the kites in use ; and, with the exception of kites Numbers 25 and 26, all 
kites constructed since 1899 have but two curved surfaces. Kites Numbers 25 
and 26 had one curved surface (the lower surface of the front ceU), but the efficiency 
was lower than that of kites having both surfaces of the front cell curved. The 
form of the curve, as shown in Plate I, Figure 9, is the arc of a circle from A to K; 
the curve then becomes flatter, and just behind the stick, /, it becomes entirely flat, 
excepting ae the covering arched upward more or less by the pressure of the wind. 
It has been suggested that the covering of the kite when loosely put on forms an 
automatic efficient curved surface, but observations of such a surface exposed to the 
wind will show at once that it is really less efficient than a rigid flat surface. The 
form of curve assumed by a kite covering when under pressure is shown in Plate I, 
Figure 4. The pressure of the wind is almost at a right angle to the part of the 
covering between C and D, and serves to increase the drift or horizontal component 
of the pull and diminish the altitude reached by the kite. The additional resistance 
of such a loose covering in a kite of the size of Number 15 amounts to 0.7 square 
metre, and in order to avoid this bagging of the covering it is secured to the sticks 
as shown in Plate I, Figures 11 and 15. The effect of the wind upon the rigid 
curved surface is to form, behind the rigid portion of the curve as shown by the 
arrows, a vortex which tends to propel the kite forward. The power of the vortex 
increases aa the angle of incidence of the kite diminishes, thus giving the greatest 
efficiency in strong winds when the pressure is greatest upon the sticks and edges 
of the cells. 

Much time has been spent upon devices for correcting or adjusting kites that 
do not fly well. In ordinary use, the kite is subjected to many variable and excessive 
strains which in time loosen the guys and bend or warp the frame, such deterioration 
cauEUig the kite to fly to one side or the other of its normal position, and at a 
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much lower altitude. One o£ the devices first used for adjustment consisted of 
small turn-buckles placed in the guys at the side of the kite and between the cells, 
by means of which the relative inclination of the two cells could be altered within 
narrow limits. This method proved satisfactory in one instance but failed in others, 
and was abandoned. Next, one of the vertical surfaces in the rear cell of a kite 
was made adjustable so that its angle with the central axis of the kite could be 
changed like a ship's rudder, and this method proved very effective and certain in 
its action. Another very efficacious method of correcting a kite is to secure flat 
strips of wood or cloth over the open end of the rear cell of the kite. These strips 
by their resistance to the air cause the kite to lean or fly toward the side on which 
they are secured, and since the strips can be attached or detached quickly, this 
method is excellent for use in the field where time is valuable. It might be expected 
that with this additional resistance to the wind in the rear cell, the efficiency of the 
kite would be lowered, but actual measurements have shown that the kite is not 
only made steadier but flies at the same or a higher altitude than that attained 
before attaching the resistance strips. 

Summary. — The results of experiments with different forms of kites are : — 
The Hargrave kite, as modified by Mr. Clayton and of the construction described 
in the preceding pages, has been found to be the best for meteorological work. It 
flies at a mean altitude of 60° to 66°, and is stable in all winds not too strong to 
wreck it. It will fly in a wind of 5 metres per second, reaches its great efficiency 
in -winds of 8 to 15 metres per second, and when equipped with self-adjusting, elastic 
bridle will fly safely in winds of 20 metres per second near the ground, and 30 metres 
per second at heights exceeding 2000 metres. Errors of flight may be corrected 
by altering the position of the vertical surfaces or by increasing the resistance to 
the wind of any desired part of the rear cell. The chief objection to this form 
of kite is its complex structure and consequent great cost (about $40 for the 
latter sizes). 

Devices for Flying Kites. 

lAnes. — For main line there has been found nothing better than steel music wire. 
Of most fflzes, single pieces 2000 to 3000 metres in length can be obtained, and, by 
varying the size, many degrees of tensile strength are possible. At the beginning 
of the experiments with wire as a flying line, at Blue Hill, in 1896, it seemed best 
to use a small wire since the smaller wires are slightly stronger, weight for weight, 
than the larger; and with the exception of 2000 metres of Number 11 wire 
purchased for trial, Number 14 wire alone was employed until February, 1900, when 
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7000 metres of Number 17 wire were obtained. Testa of the three sizes of wire 
showed that when the smallest wire was employed, the limit of safe working strain 
was reached before the angular altitude of the kites became as high as that reached 
when the largest wire was employed, although the larger wires are appreciably 
heavier for the same strength than the smaller. To determine^ if possible, the size 
of wire best adapted for use, the tensile strengths and weights of all Edzes of muiic 
wire larger than Number 9 were obtained from two leading manufacturers, and are 
given in the accompanying table. The data from the two sources did not agree 
exactly and the figures in the table are averages. 

TABLE XVni. 

DIAMETER, WEIGHT, AND TENSILE STEBNGTH OF MUSIC WIRE 
USEFUL AS KITE LINE. 



Music Wi»G.<ig« 


DIunMw 


W.igblotlO(«)Kctm 
<liiKilognn»). 


T.i«ll. arenftl. 
[inKiloB™.). 


10 


.61 


2.16 


86 


u 


.66 


2.60 


97 


12 


.71 ' 


8.08 


113 


18 


.76 


3.66 


126 


14 


.81 


4.00 


140 


16 


.86 


4.62 


148 


16 


.91 


6.00 


162 


17 


.97 


6.71 


178 


18 


1.02 


6.37 


189 


19 


1.07 


6.94 


203 


20 


1.12 


7.46 


223 


21 


1.17 


8.33 


286 


22 


1.22 


9.09 


266 


23 


1.29 


10.00 


281 


24 


1.40 


11.48 


811 


25 


1.60 


13.61 


850 


26 


1.60 


16.68 


402 


27 


1.70 


17.54 


460 


28 


1.30 


20.00 


533 


29 


1.88 


22.22 


590 


30 


1.98 


24.89 


667 



A careful examination of all the data shows that the cause of the greater 
eflSciency of the larger wires is that, relative to weight, they present less surface to 
the wind than do the smaller; and that, instead of an insignificant effect, as some 
have supposed, the pressure of the wind upon the wire is a most important one. 
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The surface of a Number 17 wire preeented to the wind is nearly one square metre 
for each thousand metres of length ; and since, in very high flights 8000 to 14,000 
metres of wire are in the air, the total pressure of the wind upon the line must be 
very great, and its tendency is always to drive the line and kites to a lower altitude. 

Wind pressures of 30 to 50 kilograms per square metre of surface exposed 
normally to the wind are not uncommon, and it appears that the line presenting 
the smaUest surface, relative to weight, is the one best to employ. Considering 
the wire alone, there is an advantage in using the largest size of wire, but there 
appears to be a practical Umit to the number of kites that may be efficiently 
employed on one line. At Blue Hill, at present, the average number of kites 
employed at one time is five, having a total lifting surface of about 32 square 
metres. Since it is not desirable to increase the size of the kites, the increased 
power required to Uft a larger wire must be derived from a number of the largest 
kites DOW used ; and since more than eight kites can seldom be used to advantage, 
it appears that a Number 25 or a Number 26 wire will give the best results,, until 
there can be obtained better kites capable of lifting a larger wire. 

It is also probable that a Une made up of several different sizes of wire may be 
more efficient than one of uniform size. Such a line made up of cords was used 
by Mr. William A. Eddy in 1891, and was recommended by him and by Professor 
Harrington, then Chief of the Weather Bureau, at the Chicago Conference on 
Aerial Navigation in 1893; also a similar line was in use at Blue H ill during 1894 
and 1895. M. Teisserenc de Bort claims to be the first to employ steel wire in this 
manner, in 1898. The line employed at Blue Hill since 1900 is approximately 
as follows: — 

TABLE XIX. 
ELEMENTS OF THE KITE LINE. 





L«i«t]i. 


Tfn-ile StnDKlb. 
Klloitruii.. 


8.fc Working strain. 
Kilngraius. 


13 


2000 


126 


70 


15 


2M0 


148 


8S 


17 


SOOO 


178 


100 


20 


2000 


226 


120 


23 


2000 


281 


160 



Total length 11,500 metres. 

The strength of the wire is very uniform, and lengths of 1500 metres, in two 
or three instances, have been subjected to strains up to the breaking limit deter- 
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mined for short pieces, before they gave way. In practice, it is unsafe to work at 
a strain exceeding one half or two thirds tlie breaking strain, for the reason that 
diving kites or a large number of kites suddenly exposed to a strong wind 
sometimes unexpectedly increase the total strain to a dangerous degree. 

It appears to be almost impossible to obtain a line of great length in one piece, 
especially one tapering from a small size at the outer end to a relatively large size 
at the reel, although this would be very desirable because of the difficulty of making 
a strong, durable splice. In making up long lines, spUces are necessary at least once 
in each 3000 metres, and the experience at Blue Hill is that the splices are always 
a source of weakness. Nearly all breakages of the lines have occurred in or at 
splices, despite the care taken in forming them ; and many have broken at a 
strain much lower than that withstood safely only a few days before. The splice 
employed from 1896 to 1902 is a modification of the Sigsbee splice, and was fully 
described in the " Exploration of the Air by means of Kites," referred to on 
page 215. Newly made splices are always stronger than single wires and the 
breaks always occur at the end of the tapered or finished part of the splice. It is 
probable that this weakening of the wire just outside the splice is due to one or 
more of the following causes : — 

(1) Corrosion by free acid not burned out when the splice is soldered. 

(2) Annealing of the wire by overheated solder. 

(3) Abrasion of the wires when a taper is formed at the end of the splice. 
It appears probable that most of the breaks were due to the first of the above 

causes, for the reason that it is very difficult to remove the excess of acid used in 
soldering unless the heat of the solder is so great as to impair the strength of the wire. 
In 1901 it was decided to use no solder near the ends of the splices, which were 
made longer, but in other respects in the same manner as before. In January 1902, 
Mr. Knopp made an important improvement in the splice, which is shown in Plate I, 
Figures 16 and 17. The ends of the wires, instead of being filed, are annealed for 
a distance of ten to fifteen centimetres and hammered flat, after which operation 
the splice is formed in the usual way. The ribbon-like ends of the wire can be 
brought into much closer contact with the parts about which they are wrapped 
than is possible with wires flattened by filing, and can be prepared in much less 
time. Mr. Knopp's spUce was intended to be complete without solder, and several 
splices made of Number 20 wire did not pull apart in the testing machine; but, 
during a flight, a splice made in a smaller wire pulled apart while under a very 
moderate strain, this indicating, that while such a splice is safe under a steady 
strwn, it gradually works loose under the variable pull experienced during a flight. 
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Such a Bplice when made in zinc-covered wire, like that used in Germany, is suffi- 
ciently strong, but when made in the polished wire in use at Blue Hill, some 
method of binding is necessary to prevent slipping. The plan in use at present, 
and which appears to be very satiefactory, is to solder a length of about 20 centi- 
metres in the middle of a splice 1.5 metres long. The strain comes upon the wires 
equally at this point, and the effects of soldering are not so injurious; also, instead 
of acid, there is used a soldering paste containing ingredients which neutralize any 
free acid not burned out by the solder. No sphces made in this manner hrve 
shown any sign of weakness, and the two breaks in the line which occurred 
during 1902 were at a considerable distance from any splice. 

The wire can be obtained in the United States in lengths of 3000 metres or 
less, at a cost of one dollar a kilogram. 

For secondary lines the larger sizes of blocking cord were employed between 
1894 and 1899, but the durability of this cord proving to be less than that 
required, an attempt was made to employ single strands of music wire for the 
purpose. It was almost impossible to prevent kinking and breaks in the wire when 
short lengths were used, and, after losing several kites which were flown on short 
single wires, this kind of secondary hue was abandoned and replaced by a steel 
wire cable already in use at the Aeronautical Observatory in Berlin, and made by 
Felten and Guilleaume of Germany. The following are the elements of the two 
kinds of cable obtained: — 





IHMntMr. 


Weight per IdO 


Tenalle Hrengtb. 


Co«per 




tUUlmotm. 


KUogaii.. 


Kllognun^ 


Kilognm. 


Soft steel wire cable with fUz centra 


2.0 


1.0 


150 to 160 


«4.19 


Music wira cable, solid 


1.3 


0.3 


160 


S2.12 



These cables, while rather small for convenient handling, are much stronger than 
cords of the same weight, are easily repaired or attached to clamps, etc., by tying, 
and appear to be as durable as the main line. 

Clamps for Use in Tand^n Flying. — The clamp devised by the writer in 1896 
and described in the account of the "Exploration of the Air" already referred 
to, is still in use and is satisfactory, although some time is required for attach- 
ing and detaching it. Since January, 1902, a clasp devised by Mr. Knopp and 
already used in Germany has been employed with success. It is illustrated in 
Plate II, Figures 29 and 30. Upon a plate of aluminium, A, are mounted two 
circiUar arcs, B,B, so shaped that at their outer edges a wedge-shaped groove is 
formed between them and the plate, A, and into which groove fits the main kite 
line, D. When in position, the pull of a secondary kite attached by means of the 
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cord, C, bends the main line, D, more or less, and the friction of the groove is 
ordinarily sufficient to prevent the clasp from slipping ; also, two steady pins, F^F, 
held in position by the spring, E, prevent the clasp from falling ofE the line in 
case the pull of the secondary kite should become irregular or cease entirely. This 
clasp can be attached and detached instantly, and is very satisfactory when there 
is a steady pull on both main and secondary lines, but is liable to slip on smooth 
wire when the strains are variable. To prevent sUpping, a spring-clamp, G, hinged 
at /, and held iu position by the thumbscrew, H, has been successfully used on some 
of the Knopp clasps. This clamp may be swung to one side when the clasp is 
being attached to the main line, and a slight pressure only is sufficient to prevent 
slipping. The different positions of this attachment are shown by dotted lines. The 
cord C, is attached to a ring in the bridle of the kite by means of an aluminium 
toggle. 

Another form of this clasp, called a universal clasp, devised by Mr. Knopp 
for the purpose of relieving the main Une of excessive strains, is shown in Plate II, 
Figures 18 to 21. The main line, Tf, after being placed in the usual clamp-grooves, 
bears against a grooved block, B, on the end of the spring, C. Excessive strain 
on the line depresses the block and spring, allowing another spring, />, to release the 
hook, E, to which is secured the line from a secondary kit«. To prevent loss of the 
kite a second line is attached to the ring, F, and to the bowsprit only, of the kite, 
the pull of which then becomes much smaller than when the flying line is attached to 
the bridle. Two of these clasps proved very satisfactory when tried in the testing- 
machine, the release of the hook, E, occurring at nearly ih% same strain in several 
successive tests. With additional devices to prevent dipping, when the main line 
is slack, this clasp will be very usefiil during light winds, for it will then be possible 
to employ a large total lifting surface without the usual danger of breaking the line 
in the event of a sudden increase of wind. 

The " S " hook, or " devil-claw," shown in Plate II, Figures 27 and 28, has been 
employed by Mr. Knopp for attaching the kites to the end of the main line, and 
is very useful when this operation must be performed quickly. 

Testing Machine. — This machine, shown in Plate II, Figure 26, was constructed 
by Mr. Knopp for the purpose of testing the clasps, and samples of wire or 
cord. On a heavy wooden beam, A^ are secured a strong spring scale, B, and 
a winding device, consisting of the four arms, C,C,C,C, mounted on a strong pivot 
and provided with a rachet and pawl. Around the hub of the rachet is wound a 
flexible steel band, D, having at its free end the clutoh, E. A similar clutch, F, 
is secured to tlie spring scale, B. The principle of this form of clutoh is nearly 
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' the same aa that of the clasps shown in Plate II, Figure 29. The Bpecimen of wire 
to be tested is placed in a set of curved grooves of constautly decreasing radius, 
the smallest of which are in pins, 4 millimetres in diameter, about which the end 
of the wire is twisted. Specimens held in this clutch are not in the least injured 
by it, and can be attached or detached very quickly. The specimen, in position, 
is tested by turning the winch, CyC,C,C, in the direction shown by the arrow, the 
strain being indicated by a sliding index, G, which is left at the position of maximum 
strain reached on the scale. The ratchet is useful if it is desired to hold the specimen 
under strain for a considerable time. 

Windlass. ~~1\x% first steam-power windlass employed in kite flying was con- 
structed in February, 1897. A hardwood dnun contained the wire, which, when 
wound in, was distributed over the drum by means of a device resembUng the feed 
mechanism of a lathe, and there were provided devices for registering the length 
of line employed, and the pull exerted by the kites. The power was derived from 
a Shipman automatic steam-engine of two horse-power. In May 1897, the windlass 
was rebuilt on the principle of the Thomson deep-sea sounding machine. The 
wooden drum, having been crushed under the accumulated strain of tiie wire, was 
replaced by one of cast iron, a strain pulley was employed to relieve the drum of 
the cumulative pressure of the wire, and automatic devices for storing the wire 
and recording the pull thereon, were provided. This windlass was generally satis- 
factory, and was employed until August, 1901, when it was again rebuilt on a larger 
scale, with the addition of an automatic brake and devices for preventing the wire 
from leaving the drums. Details of this windlass are shown in Plate II, Figure 31, 
and in Plate III, Figures 32, 33, Ka.A 34. 

The mechanisms are mounted on a heavy frame. A, which is bolted to the plat- 
form, B. A wooden house or shed, C, mounted on rollers, protects the parts from 
the weather, as shown by the dotted Unes, and may be moved from over the windlass, 
during a flight, leaving every part easily accessible. The wire employed for the 
main line is stored upon the drum, i>, and, as it is wound in from the kites, it 
passes first over the pulley, E, which actuates a dial registering the length of line 
drawn out by the kites. Prom this pulley the line (indicated by W) passes over 
the two dynaraograph pulleys, F and G^ to the strain pulley, H, aroimd which it 
passes four times, leaving which it passes over the guide pulleys, / and J to the 
storage drum, D. The pulley, J, is moved slowly backward and forward along its 
shaft by means of the cam, K, and distributes the line uniformly over the face of 
the storage drum. The cam, K, is driven by gearing connected with the axis of 
the storage drum, which is driven by means of a round belt, L, extending from a 
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pulley on the countershaft, iV, which also, by means of spur gearing, drives the 
strain pulley. The pinion, 0, slides upon a pin clutch and may be moved in or 
out of mesh with the large gear on the axis of the strain pulley. Self-adjusting 
rolls, P, P, held againflt the faces of the strain and guide pulleys by means of springs 
and supported by the fouivarmed frames, R,R,R, prevent the line from jumping 
out of the grooves in these pulleys in case it becomes slack between the storage 
drum and strain pulley. This device was modeled after a nearly similar one in 
use for several years at the Aeronautical Observatory in Berlin. 

The automatic brake is shown in detail in Plate II, Figure 31. A wire rope, 
U, fitted to a groove in one flange of the storage drum, D, is, by means of the 
spring, T, flexibly connected with the axis of the brake lever, V, which is rigidly 
connected with a strap brake acting on the wheel, S, on the axis of the strain 
pulley. When the strain is light the brake pressure on the storage drum exerted 
■ by a slight movement of the lever, F, and spring, T, is sufficient, but when the 
strain increases, additional pressure upon the lever, F, brings into action the strap 
brake acting on the pulley, S, which receives the excess of stmn j and there being 
pressure on the storage dnmi at all times, the line never becomes slack between 
the storage drum and strain pulley when the line is being drawn out. The brake 
is so adjusted that, when the windlass is at rest, both rope and strap bear very 
lightly, the weight of the strap being sustained at X, and that of the rope at T. 
The resulting friction, therefore, is small, since motion of the wheels in the direc- 
tiona shown by the arrows tends to open the brake and diminish the area of 
contact. If, while winding in the line, the connection with the engine is broken 
or other accident occurs so that the line begins to run out rapidly, the added 
friction disturbs the balance of the brake which immediately sets itself, thereby 
preventing an excessive rate of speed, as shown in Plate III, Figures 32 and 33. 
The countershaft, N, is connected with the engine by means of the belt, M. By 
changing this belt from one set of pulleys to the other, the speed of winding may 
be changed from 1.1 to 2.2 metres a second, with the engine running at a maxi- 
mum speed of 400 revolutions a minute ; and by means of the throttle valve 
the speed may be further reduced to about 0.2 metre a second. By means of 
the cranks, C,C, the line may be wound in by hand if desired. The cranks are 
secured by means of pin clutches, and can be attached or detached instantly. 

The dynamograph, shown in detail in Plate III, Figure 34, records the strain 
on the line whether the line is stationary or in motion. Between the strain pulley, 
JB, and the guide pulley, F, is placed the pulley, O, which, by means of the bent 
lever, a, and spring, h, bends the line from a straight line between F and H. 
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Increasing the strain straightens the line, the motions of which are recorded on 
the drum, e, by means of a pen secured to the end of the lever, a. 

The engine is provided with devices for automatic control of the fuel and water 
feeds, and in winter the exhaust steam is utilized to heat the feed water tank to 
prevent freezing. About four litres of kerosene oil, costing about three cents a 
litre, are burned in one hour. 

While very satisfactory, the engine is not suflBciently powerful to wind in the 
line faster than 2.2 metres a second when the strain is greater than 60 kilograms ; 
and since speeds exceeding 5 metres a second are often derirable when the wind 
is Ught, an engine of eight to ten horse-power would be much better. An electric 
motor is the best source of power, as it is always ready for use and can be regulated 
as easily as a steam-engine. If steam-power must be used, an engine without dead 
points will be found more easily manageable than the ordinary engine with a 
single cylinder. 

The power windlass just described was built one part at a time during intervals 
between the regular kite-flights, additions or changes being made as they seemed 
necessary; therefore it is difficult to estimate the cost. Probably the entire windlass, 
including engine, could be dupUcated for about $1,000. Although the windlass has 
worked satisfactorily, an experienced engineer is necessary to msnage it properly. 
The chief and almost the only source of trouble encountered is the liability of the 
line to become slack between the storage drum and strain pulley. When this 
occurs the Une is easily kinked and sometimes thrown off the pulleys, despite the 
protecting rolls, thus causing vexatious delays, and loss of kites and apparatus. 
The storage drum, with 12,000 metres of line, weighs 120 kilograms, and, since the 
line must be wound under a light strain, the driving belt, L, is not sufficiently heavy 
to move the drum when the engine is started, and it has been found necessary to 
start the drum by hand at the same time the engine is started. Further experiment 
may develop a windlass of this pattern without this defect, but it now seems probable 
that a simple windlass, provided with one large drum of perhaps 1.5 metres diameter 
and 0.5 metre width of face, upon which the line could be wound under full strain, 
would be more satisfactory. There being no strain pulley or guide pulleys neces- 
sary, except for the dynamograph and for a swivel to allow the line to adapt itself 
to any direction followed by the kites, such a machine could easily be managed 
by an inexperienced person. Some injury to the wire may result from winding 
it under high tension, but since the elastic limit of the steel is very little below 
the ultimate tensile strength, it seems unlikely that any serious defect would 
develop. 
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Meteorographs, 

In 1894, when the work of exploring the air with kites was begun, there were 
no self-recording meteorological instruments suitable for such use, and the instru- 
menta employed in that year and until March 1896, were roughly constructed 
combinations of the ordinary Richard barograph and thermograph and an anemo- 
meter, designed by the writer. In 1896, Richard's baro-thermo-hygrograph, previously 
constructed for use with balloons, but now built of aluminium and weighing but 
1.3 kilograms, was used for the first time. As constructed, the instrument was ill- 
adapted for use with kites, the device for attaching it to the kite being unsuitable, 
and the thermometric tube wholly unprotected against insolation. After much experi- 
ment, Mr. Clayton constructed satisfactory screens for the thermometer, and, though 
the suspension devices continued to give trouble, the records obtained were ex- 
cellent. The first four-element meteorograph employed in the work of exploring 
the air was constructed in February 1897, although one was designed by the 
writer in 1894. The anemometer projected below the instrument and was so easily 
damaged while in this position that in February 1898, a new instrument was 
constructed with the anemometer exposed above the front end. This is shown in 
Plate III, Figures 35 and 36. The device for suspending the instrument was 
pivoted at B, and by means of the double rudder. A, the instrument was kept ap- 
proximately level even when swung backward by the wind. The continuous swing- 
ing of the instrument on its pivot so disturbed the recording pens that the records 
made were blurred and frequently illegible, and in a modified instrument, shown in 
Plate III, Figure 37, the pivots of the support were placed at right angles to those of 
the recording pens, but the effects of the swinging were more marked than before. 
In January 1899, an anemometer with horizontal axis was attached to a Richard 
meteorograph which was suspended as shown in Plate III, Figures 38 and 39. For 
this pattern of anemometer only horizontal aUgnment is necessary and accordingly 
a single rudder, A, was employed. The suspension was composed of four cords 
extending from the comers of the instrument to a ring, S, to which was secured 
the supporting cord leading from the kite. The effect of a variable wind upon an 
instrument exposed in this manner is to swing it backward and forward as shown 
in Plate I, Figure 4. There are no centres of oscillation in or near the instrument 
and, consequently, there is less vibration of the pens. The records from this instru- 
ment were clear and sharp, but the supports for the anemometer cups were not 
very rigid, and could not be made so without considerably increasing the weight 
of the instrument, which already amounted to 1.68 kilograms. 
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The chief defects of the improved Richard meteorograph, descrihed above, 
were: 

(1) Inconvenient arrangement of parts, it being necessary to remove the outer 
case and thermometer screens in order to change the record sheet or adjust the 
mechanisms. 

(2) Large size, the case of the instrument being square and presenting a surface 
of about 350 square centimetres to the wind, the pressure of which tended to lower 
the altitude of the kite. 

(3) The mechanisms were unprotected from moisture, the outer case being a 
frame covered with coarse wire gauze which was effective only in preventing injury 
to the parts in case of accident to the instrument. 

After much study and experiment, the pattern of meteorograph shown in Plate 
IV, was constructed during the spring of 1899, and instruments of this pattern 
have proved very satisfactory. The mechanisms are of the Richard pattern but 
the details of construction differ from those of the Richard meteorograph. 

The base plate, A, is of sheet aluminium, 1.2 millimetres thick, the edges of 
which are turned up on all sides in the form of an unbroken band, 12 millimetres 
high, in order to secure great rigidity. The case, B, is of sheet aluminium, 0.25 
millimetre thick, and is secured to the base plate, A, by means of screws, these two 
parts together forming a rigid box weighing but 0.2S3 kilogram. The shape of the 
case was made nearly Uke that of the kite sticks shown in Plate I, Figure 3, in 
order that the resistance to the wind might be as small as possible. A sliding 
door secured by means of a spring latch, gives ready access to the recording 
mechanisms, and the record cylinder, D, is easily removable through a circular 
opening in the top of the case. This opening is closed by a loose disk, E, of sheet 
aluminium, held in position by the large thumbscrew, F, on the axis of the cylinder 
and by steady-pins, 6, G, which fit into holes in the top of the case. By this means 
the top of the cylinder is held rigidly in position at each end and steadiness of 
action is secured. A rib secured across the base plate prevents springing of the 
plate by the weight of the cyUnder. 

The record cyUnder is formed of sheet aluminium, but 0.3 millimetre thick, by 
the process known as spinning. It being impossible, however, to make a tube 
exactly cylindrical by spinning, the cylinders, after being roughly formed, are 
hammered on a mandrel to make them of uniform diameter throughout. The heads 
of the cyUnd^r, also, are spun of aluminium, 1.0 millimetre thick, and are rivetted 
m position, the metal being entirely too thin for screws to hold well. The complete 
cylinder weighs but 0.141 kilogram without the clock movement, and 0.280 kilogram 
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with it and, although very light, has been found amply strong for all ordinary 
purposes. 

The spring clamp employed in the Richard instruments to secure the record 
sheet to the cylinder is liable to displacement by shocks and was improved by 
the addition of a small thumbscrew, /, which holds it firmly to the cyUnder. When 
it is desired to expose the instrument longer than twelve hours the record sheet 
is pasted to the cylinder to form a continuous surface for the pens. 

The recording mechanisms are mounted upon the figm-e-four frame, J", each of 
the two sides of which is formed from one piece of sheet metal, 1.8 millimetres 
thick, stiffened by a rib, K. The four upright parts are bent at right angles at 
their bottom ends for convenience in mounting on the base plate to which they are 
attached by means of screws. The frame is thereby supported at widely separated 
places near the edges of the base plate, the whole forming a structure that is very 
light and at the same time extremely strong and rigid in all directions. 

In the upper ends of the frame just described are two holes into which fits the 
tube, L, carrying the anemometer cups and spindle. A set-screw, M, holds the 
tube in place, and the case, B, through which the tube passes, affords additional 
support. After the set-screw, M, is loosened and the gear, N, raised, the tube and 
spindle may easily be withdrawn for inspection without disturbing other parts of 
Uie instrument. The anemometer cups are 30 millimetres in diameter and are 
moxmted on arms of 65 millimetres radius so that one rotation of the cup wheel is 
made during the passage of one metre of wind, assuming that the factor is 2.80. 
The cups are made of sheet brass 0.15 millimetre thick, instead of aluminium, because 
of the difficulty experienced in working the latter. The difference in weight of 
the two metals in such small cups is negligible. The motion of the cups is trans- 
mitted through the gear and spindle, N, to the disk, O, which rotates once while 
the wind is traveling 3600 metres. The disk is provided with two notches of 
different depths, and against it rests a pin on the lever, 8, which is secured to the 
axis of the pen lever. By means of this mechanism the pen alternately makes a 
long and short mark on the record sheet and the number of long marks in one hour 
is equal to the same number of metres the wind travels in a second. The short 
marks, indicating half-metres, are for convenience in obtaining velocities during light 
winds when the marks are far apart. During high winds the short marks are ao 
close to the long marks as to form a continuous line and only the long marks are 
distinguishable. In meteorographs constructed in 1898 the anemometer pen, actuated 
by a heart cam, moved backward and forward over a space on the record sheet ruled 
to t«n divisions representing metres per second, but this device was not so satisfac- 
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tory as the one previously described. One defect, however, of the method of record- 
ing velocities by means of short marks or dashes, is that when a flight is prolonged 
until more than one complete rotation of the record cylinder is made, 'the two records 
are superimposed and it is almost impossible to distinguish one from the other. 
Accordingly, in the spring of 1902, the recording mechanism of the anemometer 
was altered as described hereinafter, so that flights of several days duration could 
be made without superimposing the records. 

The lever, S, and the fork, 6, are rigidly secured to a hoUow sleeve fitting loosely 
on the axis of the pen lever, e. In the fork, 6, rotates an obUquely mounted disk, i, 
which receives its motion from the record cylinder through the medium of the 
shaft, c, and gears, d and g. Another fork, k, secured to the axis of the pen lever 
rests upon the edge of the disk, i, and by it is given reciprocal vertical motion 
independent of that imparted by the disk, O. The spindle, C, and gear, d, are 
suspended from the fork, b, rising and falling with it and with the pen when the 
lever, S, is actuated by the disk, O. As the record cylinder rotates, the pen 
describes a curved line which alternately rises and falls ; and the gears, g and d, 
being prime to each other, this hue occupies a new position during each successive 
rotation of the cylinder. Sometimes, when the records are blurred by moisture etc., 
they are not easily read at points where the lines intersect; but these points are 
widely separated and this defect is not at all serious. The greater part of the weight 
of the anemometer cups and spindle is supported by a ball-hearing at the end of 
the tube (X) and the cups will begin to rotate with a wind of one metre per second. 
The anemometer is calibrated by mounting the meteorograph upon the wind vane 
to secure proper exposure, and comparing the records with those of the standard 
anemometer at nearly the same height. 

The hygrograph hair is secured between the two brackets, u, u, which are held 
rigid by the curved strip of metal, u, which also serves to screen the hair from 
injury. The hairs are securely clamped to the link which is connected with the 
cams operating the pen-arm. An adjustment is provided at S, and there are devices 
for preventing permanent disarrangement of the cams by shocks. 

The thermograph and barograph mechanisms are of the well-known Richard 
pattern and their arrangement is obvious without a detailed description. 

The thermograph tube is insulated from the other metal parts of the instrument 
by means of the hard rubber block, y, and celluloid plate, x, which latter covers the 
entire lower surface of the base plate; also, the tube is shielded from direct sun- 
light by means of thin strips of cellidoid, z, z, which are seciu'ed to the legs of the 
instrument. 
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At first, the thermograph tubes were obtained directly from Richard of Paris, 
but since 1897 most of the tubes employed have been made from steam gauge 
tubing and filled by a process devised by the writer in 1895. The tube, A, (Plate 
IV, Figure 42), is rigidly clamped in a vise, C, which is secured to a board, B, 
provided with a screw, E, connected with the outer end of the tube by means of 
the link, D. By means of this screw the tube is straightened to the desired point, 
which is determined by alternately tightening and loosening the screw, E, until a 
point is reached from which, when released, the tube does not quite return to its 
original position of rest. Both extreme positions are marked on the board by the 
lines F and ff. The tube is then filled with alcohol through a small threaded hole at 
/, in the end of the tube, after which a screw, J, (Figure 43) the threads of which 
are partially filled with solder, is driven firmly into the hole. On releasing the 
screw, U, the tubes recurves, but usually stops at the line, G. Excellent tubes may 
be made in this manner in a short time, at small expense, without the aid of a 
force pump for filling ; and the screw-plugs have not given way or leaked in any 
tubes that have been constructed so far. 

The record sheete of the meteorograph just described are ruled for a range of 
temperature of 80° Fahrenheit and a maximum barometric height of 6000 metres. 
The space for relative humidity is ruled to each ten per cent, and records varying 
one per cent are read by estimation. By allowing the records to overlap slightly, 
heights up to 7000 metres could be recorded without altering the adjustments of 
the instrument. 

The accuracy of this meteorograph is believed to equal that of any other 
in use and, so far as exposure of the elements is concerned, it is more satis- 
factory than any others that have been tried at Blue Hill. The anemometer 
agrees with the standard anemometer within 4 or 5 per cent, as shown by 
direct comparisons and by measurements of the velocities of clouds through 
which the instrument passed. The hygrograph is not accurate, and so far, all 
efforts to make it an instrument of precision have been unsuccessful. It is 
sensitive and shows the direction of changes in* humidity but the errors are 
too variable to admit of accurate quantitative measurements of humidity. The 
exposure of the thermograph appears to be as satisfactory as that of instruments 
exposed in standard shelters on the ground, this having been determined by 
comparisons in the shade and in full sunlight, and by comparing temperatures 
made at great heights before and after sunset. The heights shown by tbe baro- 
graph are probably accurate within 5 per cent. The cost of this meteorograph is 
about $150. 
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Other Meteorographs. — In 1900 a meteorograph with a very aenaitive thermometer 
was apecially constructed for Mr. Rotch by M. Richard. The thermometric por- 
tion of the instrument is composed of four strips of German silver, 0.1 millimetre 
thick and 20 millimetrea wide, mounted in a rectangular frame of nickel-steel, 
the coefficient of expansion of which is very small. The changes in length of the 
strips caused by variations of temperature are recorded in the usual manner. The 
device is remarkably sen^tive, adapting itself to a change of temperature of 20° 
Centigrade in a few seconds, but it is insensible to changes of 1° or 2° Centigrade, 
which defect unfits the infltmment for purposes where an accuracy of O'.S Centigrade 
is required. The defect mentioned may be due to friction in the bearings of the 
strips — there being nine bearings in all — which coidd be remedied by employing 
a continuous thermometric strip with a smaller number of hearings, but such an 
experiment was not tried. 

A Marvin meteorograph, kindly loaned for the purpose by the Chief of iht 
Weather Bureau, was employed in the flights made during November and December, 
1902. This instrument has been fully described in the publications of the Weather 
Bureau and details are unnecessary here. The construction of this instrument is 
excellent in many respects. The thermograph tubes are made of very thin tempered 
steel and are the most sensitive that have been tried at Blue Hill ; and the exposure 
of the thermograph tubes and hygrograph htur appears to be good, judging from 
comparisons made at the ground. By making proper adjustment of the recording 
pens, the instrument may be used to heights of 3500 metres or lower. The temperar 
ture scale is wide, but the spaces for pressure and humidity are rather narrow. The 
instrument is secured within the kite frame between the cdls, and the anemometer 
is exposed on a bowsprit extending in front of the kite, the record being made by 
means of electricity. The chief defects of this meteorograph are that the ranges 
of tiie pens are small, requiring frequent adjustment of the pressure and temperar 
ture pens, and that these adjustments cannot be made without removing the case. 
If a longer cylinder with a wider record sheet was employed and the adjustments 
were made easily accessible from outside the case, this meteorograph would doubt- 
less be the equal of any at present in use. 

Exposure of Meteorographs. — When the meteorograph is suspended by a single 
line exceeding 5 metres in length, from the point where two kites are secured to 
the main line, the motions of the two kites modify one another, the instrument is 
subjected to a minimiun of jerking or shaking and the records are smoother than 
when the instrument is exposed in any other way. The exposure next best for 
securing steadiness is to suspend the meteorograph from the kite, as shown in 
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Plate I, Figure 4. In both cases, the positioa of the iostTument relative to the 
wind is independent of that of the kite and should the latter fly much to one side 
or the other of the mean direction of the wind, the exposure of the instrument is 
not affected. But should the kites dive, the meteorograph is subjected to severe 
jerks and frequently is torn from the supporting cord and lost ; so after losing two 
meteorographs in this way, this method of exposure was abandoned. In November 
1899, at the suggestion of Mr. Clayton, the meteorograph was clamped to the main 
line as shown in Plate I, Figure 4, and while the records made near the ground are, 
perhaps, not so smooth as when the instrument is suspended directly from the kite, 
no instruments have as yet been lost. The chief defects of this method of exposure 
are that, with the clamps now employed, considerable time is required to attach or 
detach the instrument from the line, and being so near the point of support a very 
slight jerk or shock is sufficient to turn it completely over, thereby spilling the ink 
from the pens and increasing the risk of lofidng the records. The instrument is safe, 
however, when exposed in this way and the experimenters are now so experienced 
in the art of handling the kites and apparatus that few records have been lost. 

Another method of exposing the anemometer, tried by the writer in the spring 
of 1900, is shown in Plate I, Figure 5. The meteorograph is secured within the 
kite in nearly the same manner as the Marvin instrument and the anemometer 
mechanism is suspended below it at the end of a cable, 15 metres in length. The 
cable forms a flexible shaft connecting the mechanisms of the anemometer with 
the recording pen in the meteorograph, the principle being similar to that of the 
patent log employed on ocean steamers. The device worked satisfactorily when 
tested by suspending the anemometer from the Observatory tower, but because of 
a defect in the steel cable employed, the anemometer was lost at the beginning of 
the only kite flight made with it. Lack of time prevented further experiments, 
but it is believed that satisfactory results could be obtained from such an instru- 
ment if it were properly constructed and exposed. 

Methods of Testing Meteorographs. — It has been found necessary from time to 
time to re-determine the scale values of the elements of the meteorograph especially 
those for recording temperature and humidity. The range of the thermometer pen 
is ascertjuned by selecting a day when the temperature is low and making two 
series of comparisons with a standard thermometer, one in the shelter in the external 
air and another in a room in which the temperature is at least 40° or 50° higher. 
The instruments are ventilated by fanning and every precaution is taken to secure 
uniform conditions of exposure. The range determined is accurate within O^.IS in 
a total range of 50°. 



Digitized by 



Google 



238 BLUE HILL HETEOBOLOGICAL OBSEBTATIONS. 

In testing the hygrometer Uie method employed at preseot is to compare the 
instrument with a well ventilated paychromet^r on several successive days in order 
that the compariBons may extend over a wide range of humidity, but this method 
is not satisfactory for low humidities. An instrument, apparently accurate between 
20 and 100 per cent, has been known to record 20 per cent below zero when passing 
through dry air at a considerable height above Uie ground, this indicating that the 
scale of the hair hygrometer may not be uniform at extremely low humiditaes. The 
atmospheric ranges of relative humidity at Blue Hill being too small for accurate 
determinations of the scale values of the meteorograph, a testing machine in which 
the hygrometers could be compared in air artificially dried, was designed and partly 
constructed, but beyond a few preliminary experiments no use has yet been made 
of the apparatus. It consists of an air-tight box large enough to contain the 
meteorograph, an accurate psychrometer and a small fan for agitating ike air within 
the box. A larger fan outside the box serves to draw a current of air through the 
box, the air first passing through a tube containing materials lor absorbing ite 
moisture. The degree of humidity is regulated by means of suitable valves in the 
outlet and inlet pipes. It is expected that the hair hygrometers will be made 
much more accurate with the aid of this apparatus, for it appears that these 
instruments, as yet, have not been very carefully studied. 

The barographs are occasionally compared with a mercurial manometer under 
an air pump, Professor Cross of the Massachusetts Institute of Technology having 
kindly permitted the use of the apparatus by the Observatory staff. 

Before and after each flight the meteorograph employed is carefully compared 
with the psychrometer in the standard shelter to determine corrections for the 
records of temperature and humidity. Previous to 1899 the meteorograph was 
suspended, for comparisons, in the free air near the shelter and about four metres 
above the ground, but since 1899 the instruments have been made small enough 
to be placed within the shelter and very near the standard instruments. 

On clear days near noon there are local differences of temperature which 
impair the accuracy of the comparisons, but in the evening or early morning those 
differences disappear and comparisons made at such times are not affected. 

Instrument for Measuring Altitudes. 

Since 1896 all measurements of altitudes and azimuths of the kites when fljring 

have been made by means of a Gurley surveyor's transit fitted with a side telescope 

for vertical sighting. The telescope magnifies about 20 diameters and the circles 

can be read to half-minutes, but, in practice, the readings are made only to tenths 
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of degrees, this having been found sufBciently accurate. The transit is mounted 
upon a post 20 centimetres square firmly set in the ground about eight metres 
south of the windlass, this form of mounting being much more rigid and secure 
than that afforded by the tripod usually employed. 

The heights of the kites are determined from observations of altitude and of 
the length of line between the kites and the windlass by means of the formula : 
H= {lam h)—x. 

in which H is the linear height in metres, I the length of the line in metres, 
h the altitude in degrees and tenths, and x a quantity applied as a correction for 
the sag of the line. This correction was obtained by comparing the heights, 
determined by means of the formula just mentioned, with heights determined by 
triangulation from two widely separated stations, the distance between which had 
been accurately measured. The amount of the correction varies from less than one 
per cent, at small heights to about five per cent, at tbe greatest heights reached. 
The probable error of the corrected heights is less than one per cent. 

When the kites are invisible because of darkness or clouds the heights are 
obtained from the record of height made on the meteorograph sheet. 



ERRATUM. 
Vol. XLlQ, Part II, p. 169, April, 1898, maximum temperature, 65 on 80, shonld be 71 onl7. 
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